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KEY ROLLE 





A MEMBER OF THE NUCLEAR POWER PLANT COMPANY LIMITED 


A. REYROLLE & CO. LTD. HEBBURN COUNTY DURHAM ENGLAND 
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Penstocks for 


Hydro-Electric Power Stations 


Study, planning, design and erection 


of complete: 
open-laid and trench-laid pipe lines 
pipe lines in tunnels 


lined pressure shafts, 
surge tanks, etc. . 








pipe lines for irrigation and 
drinking-water supplies 


_distribution piping 


“A 





Branch pipe with Sulzer stiffening collar 





; . 
Twin pipe line in Switzerland for a 
we. service pressure of 1,600 Ib./sq.inh. 
in the course of erection 


Sulzer Brothers Limited, 





Winterthur, Switzerland 





Sulzer Bros. (London) Ltd., 
31, Bedford Square, London, W.C.1 








BAILEY BRIDGES THE GAP. 
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- “ie The Bailey Bridge—550 ft. long 


TREAL ° . . 
AES HIGH, —— —across the Mattagami River, is 


just one of the many in constant 
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A Canada Highway. 
1. STEEL RIVER. 2. FRENCH RIVER. 3. LITTLE PIC RIVER. 
4. KAPUSKANG RIVER. 5. MATTAGAMI RIVER. 


4 PAN % i N G FE | VE Yl | VERS 0 N Full information on this or 
° e e ° any other project requiring 
Bailey Bridging is readily 
HIGHWAY II ONTARIO, CANADA icsitesic. rom 
PMOS.STOREY (éngincers BFDa 


WORLD LICENSEES FOR THE MANUFACTURE AND SALE OF BAILEY BRIDGING 
PATENTEES AND MANUFACTURERS OF STOREY UNIFLOTES 


STOCKPORT & LONDON ENGLAND 


ENQUIRIES TO LONDON SALES OFFICE-6 VICTORIA STREET -: WESTMINSTER SWI 
TELEPHONE: ABBEY 7391-2 TELEGRAM: MICROFAB SOWEST LONDON CABLES: MICROFAB LONDON 





use by a large volume of traffic on 






CAKE 'GSTARO Highway II—part of the Trans- 
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Soc. Idroelettrica Alto Chiese Cimego 






Hydro - Electric Power Station. Two 
110,000 kVA horizontal shaft alternators 
13,800 V. — 50 cycles — 300 r.p.m. — 
PD? 4,400 tm? — each weighing 650 
tons — coupled to 150,000 H.P. Pelton 


turbine. 
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ERCOLE MARELLI & C.- S.p.A. 


MILANO 










YORKSHIREtransformers 














serve 
the 


power 
supplies 

of 

Great Britain , 





YORKSHIRE ELECTRIC TRANSFORMER CO. LTD. 
THORNHILL, DEWSBURY, YORKS., ENGLAND 
Tel: Dewsbury 1691-2 Grams: Transforma, Dewsbury 
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We construct and supply 


Hydraulic steel structures 

for Weirs 

River and sea locks 

Valley storage dams 

By-pass gates, safety gates 
High-pressure piping (penstocks) 


Dock gates 
Ship lifts Cross section through a weir with fish-belly fap 


er 


Slipways 

Floating cranes 

All hydraulic structures (including 
mechanical and electrical 
equipment) are supplied and 
erected ready for operation 


FRI E D. KRU PP MASCHINEN- UND STAHLBAU RHEINHAUSEN 


U.K. AGENTS: J. M. J. MAUS LTD., 35 NEW BROAD STREET, LONDON, E.C.2 





This illustration shows a machine especially built for laboratory use. 
Our experience in the field of hydraulics has enabled us to extend 
our manufacturing range to cover small and medium size propeller 
pumps. We welcome enquiries for axial flow pumps for industrial 
and agricultural applications, or for research laboratories. 


*AHE 


THE ARMFIELD HYDRAULIC ENGINEERING CO. LTD. 


RINGWOOD - HAMPSHIRE - ENGLAND 
Telephone: RINGWOOD 760 


Telegrams: HYDRAULICS. RINGWOOD 
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In Spain the weather, while in many ways a blessing, is also a problem—tending to 
extremes of drought, floods, bitter cold, blazing heat. And although it is the driest 
country in Europe, for power Spain has to depend largely on hydroelectric sources. 
Fortunately in the mountainous northwestern parts, back of Corunna and Vigo, is an 
area of considerable rainfall. Here too the narrow valley gorges lend themselves to 
the creation of storage facilities through dam building. And to carry power from 
San Esteban, the main dam in the River Sil system, to Madrid and other consuming 
areas, the Spanish utility company naturally chose FERAL CABLE—reliable Swedish 
ACSR which today is installed in important power lines the world over. 


Substation at Majadahonda, end of the 220,000-volt trunk line from San Esteban to Madrid. Here power, trans- 
formed down to 132,000 volis, is fed into two lines connecting with the systems of other utilities in the Madrid 


area. Further substations through which power is supplied to 





local networks are located at Tordesillas and Trives. 






LLVERHEN 


n° Vasteras - Sweden 


SVENSHA M 


Feral Cable Divi 
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HITACHIPS Technology Serving the 
Industrial Development of the World 


Hitachi has compléted three 40,000 HP horizontal shaft Pelton wheels for the 
Balu-chan Power Station, Burma. 
These water turbines exceed in capacity the record-sized unit supplied recently 
to the Matsuogawa Power Station, of the Shikoku Electric Power Co. 
The completion of these turbines is further proof of Hitachi's superior engineering 
techniques and manufacturing capacity. 

SPECIAL FEATURES: ® The runner is made of 13% chrome stainless steel and 

is integrally cast to ensure reliability and long life. 


® The advanced design has enabled the weight of the 
unit to be reduced and consequently less floor space 
is required. 


® The inlet valve is an 800 mm. diameter rotary unit. 
@ The speed governor is of the cabinet type. 


y e @ The number of nozzles can be changed automatically 
Ltd. according to load. 


Toryo Japan 
Cable Address: “HITACHY”’ TOKYO 1-02 
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Dam crest crane of 160 tons capacity for moving 
the emergency gates of 3.05 x 6.59 m against a 


water head of 95 m, for the Dokan Dam, Iraq. 





HYDRAULIC STRUCTURES 


MASCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 


GUSTAVSBURG/HESSEN (GERMANY) REPRESENTATIVES IN ALL COUNTRIES 
WATER POWER December 1958 13- 
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PENSTOCKS — VALVES — GATES 
AND ASSOCIATED EQUIPMENT FOR 
HYDRO-ELECTRIC PLANTS ~ 


P.O. BOX 308 BRESCIA - Tel. 36.700 BRESCIA - Cable: ATUB - BRESCIA - ITALY 


United Kingdom Representatives: L. A. Poole & Co., Clun House, 17, Surrey Street, Strand, London, W.C.2. Tel. Covent Garden 0021/2 





ROCKERSHOVEL 


Foremost for many years in the field of loading equipment 

for mine, quarry, contract or steelworks, Eimco are proud to 

WRITE OR PHONE TODAY announce the introducton of the 622 RockerShovel. This, the 

smallest of the range of crawler mounted RockerShovels, is 

FOR FULL DETAILS OF now available with compressed air or flameproof electric drive. 

Features incorporated include: open type track assembly, large 
capacity full-width bucket, a range of discharge heights, 
simplicity of operation and ease of maintenance. 


THIS NEW ADDITION 


TO THE EIMCO RANGE 


Oh te AY 


Head Office: TEAM VALLEY, GATESHEAD, I!. CO. DURHAM. LOW FELL 7-724I 
London Off: | aie Se ) §$ >iC CA OF fae Ww .l REGenrt 218 4 
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Balfour Beatty & Co., Limited 


EDINBURGH 





GLASGOW 


Complete Engineering Service 


INVESTIGATION - DESIGN 


CONSTRUCTION - MANAGEMENT 


HYDRO-ELECTRIC POWER PLANTS 
DAMS - RESERVOIRS - TUNNELS 


AQUEDUCTS - IRRIGATION 


and Co.. Limited 





head office 


66 QUEEN STREET, LONDON E.C.4 


and at 


BAGHDAD - NAIROBI - TORONTO - VANCOUVER 


5 
ta 
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MVA 


at 132 kV, 3-phase, 50 cycles 


The “FERGUSON PAILIN” Type XOPR60 oil 
circuit-breaker is outstanding in the field of bulk- 

oil circuit-breaker design, inasmuch as its principle . 

feature is a proved ability to interrupt and “‘make”’ fault 
currents equivalent to 5,000-MVA at 132kV. 

In line with “‘ FP ”’ activities in switchgear develop- 

ment generally, this represents a high level 

of achievement. 








The arc contro! device incor 
porated is, to a large extent, 
responsible for the exceptional 
performance of the circuit-breaker. 


The circuit-breaker is ideally suited to 
heavily inter-connected systems and has 
been liberally designed for use in any 
climatic conditions. 


Ferguson Pailin LIMITED  @OMNY Tate 


Head Office & Works: HR. OPENSHAW MANCHESTER 11, Telephone : DROylsden 1301 (Pte.Branch Ex) 
LONDON OFFICE : Bush House. Aldwych, W.C.2 BIRMINGHAM OFFICE : Windsor House, 656 Chester Road, Erdington, 23 GLASGOW OFFICE : Central Chambers, 109 Hope Street, C.2. 
REPRESENTED IN PRINCIPAL OVERSEAS TERRITORIES 
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as one contractor to another— 





Be = Bahk Fem 


air equipment 


BRITISH MADE 


INGERSOLL-RAND CO LTD 165 QUEEN VICTORIA STREET LONDON EC4 TEL CEN 568! 


SCOTTISH OFFICE 20 RENFREW STREET GLASGOW C2 TEL DOUGLAS 1233 GRAMS INGERSOLL GLASGOW 
P.645 
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BTH 275kV switchgear at Castle Donington, : - : 
¢ C.E.G.B. East Midlands Division — 


330-kV SWITCHGEAR 


KARIBA 


The two million pound order awarded to British Thomson-Houston for the Kariba 
Hydro-electric Scheme includes 23 oil circuit-breakers of the BTH lenticular type. 
These units are a direct development of those installed on the 275kV British Super-Grid. 


<i BRITISH THOMSON-HOUSTON 


- THE BRITISH THOMSON-HOUSTON COMPANY LIMITED - WILLESDEN + ENGLAND 


” i Member of the AEI group of companies asove 
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20 ton ‘ TRAVELIFT’ Cableway 
handling 8 cu, yd. capacity bottom 
discharge concreting bucket. 


BRECO Ropeways and Cableways have been 
supplied and installed for operation under 
most extreme climatic and topographical 
conditions throughout the world. 


BRECO — Sole manufacturers of ‘ Travelift? 

Cableways, outside the North American Continent. 

TRAVELIFTS are especially suited to 

high speed heavy construction work. 

Literature available on request. member of 
the 

Glover Group 





BRITISH ROPEWAY ENGINEERING CO. LTD., 


Plantation House, Mincing Lane, 
London, E.C.3. 


Telephone Vincing Lane 7901. 
Telegraphic Address : Boxhauling, Fen, London. 
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The illustration shows a 
Horseley - Piggott Pressed 
Steel Tank which was sup- 
plied to the Dearne Valley 
Water Board. 


The Horseley Group offers a 
wealth of experience and 
extensive facilities to meet the 
most exacting demands of 
Constructional, Chemical, Civil, 


Gas and Water Engineering. 





HORSELEY BRIDGE 


THOMAS PIGGOTT LTD 
TIPTON * STAFFS 
Telephone: Tipton 1104 


MECHANS LIMITED 
GLASGOW 
and Associated Companies 
Also at 


LONDON .- SHEFFIELD 
NEWCASTLE WADDON 
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GILBERT GILKES & GORDON LTD 


WATER TURBINE & PUMP MANUFACTURERS 


KENDAL Telephone: Kendal 28 ENGLAND G98 
London Office: CRAVEN HOUSE, KINGSWAY, LONDON W.C.2 Telephone: HOLBORN 3231 





HYDRAULIC STEEL STRUCTURES 


Fish belly flaps, 25 m. clear span each, for barrage 
‘“Moserboden * of the Power Station, Kaprun. 


WAAGNER-BIRO 


AR TIENGESEC CSC AARP FT 
wien GRAZ 


Head Office... WIEN V., MARGARETENSTRASSE 70 
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COSTRUZIONT MECCANICHE RIVA 


VIA STENDHAL 34 | MILANO ITALY 
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. to Norway... to Tasmania. .. 


OF ENGLAND 


in. abundance, there's power potential 


Scotland, the G.E.C. is helping to 
has supphed the North of Scotland 
h. three 25MW_ hydro-alternators 


utomatically controlled HKrrochty 


st in the Tummel-Garry scheme. 


the water-lands. Here, deep in the 
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G.E.C. sends hydro-electric equip- 


ntrol and distribution of power. 
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HEAD OFFICE MAGNET HOUSE KINGSWAY 











VOITH IMPULSE TURBINES 


horizontal or vertical-shaft type. 


© Lunersee Pumped Storage Plant, Austria 


We have supplied two 4-jet vertical-shaft turbines, each rated 
at 46,000 kW under 3,160 ft. head and the associated two rotary 


valves. 










Norway We are installing three 2-jet horizontal-shaft impulse 
turbines, each rated at 37,000 kW under 3,070 ft. head. A repeat 


order for three similar turbines has been received. 


Photo above: workshop assembly. 


Japan We are manufacturing two 4-jet vertical-shaft impulse 
turbines, each rated at 65,000 kW under 1,400 ft. head and two 
6-jet vertical-shaft impulse turbines, each rated at 100,000 kW 
under 1,900 ft. head. 





@ J.M.VOITH GMBH-HEIDENHEIM (BRENZ)-: GERMANY 
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THE FIRST UNDERGROUND POWER STATION 


Part of one of the contracts entrusted to The Mitchell Construction Company, the 
Ceannacroc Power Station, excavated out of solid rock, is the first major power 
station to be constructed completely underground in the British Isles. The Company's 
other contracts carried out at Glen Moriston for the North of Scotland Hydro- 
Electric Board included the construction of the Loyne and Cluanie Dams together 


with six miles of tunnelling and all associated intakes and ancillary works. 


MITCHELL CONSTRUCTION COMPANY LTD 


WHART WORKS - PETERBOROUGH 


/ MITCHELL \ 
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PENSTOCKS 
WATER GATES 
HYDROELECTRIC : 
EQUIPMENT 
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CAP DE LONG: Self-hooped penstock for the 

Pragnéres Power Station, in the Pyrénées. 
Head 1,252 metres, Flow 14,6 cu.m./sec. 

Diameter 2.25 to 1.60 metres, Power 200,000 H.P. 





GRANGENT DAM on the Loire 
One of the four Crest Gates, Sector Gate Type 
(12:5 m. x 14-4 m.) during erection. 


ETABTS- BOUCHAYER & VIALLET 
SOCIETE DAUPHINOISE d’ETUDES & 


de MONTAGES 
GRENOBLE - FRANCE 














WATER POWER 1958 





December 





wv 














So mes 














Vertical-Shaft 
Hydro Power Alternators 























Photo: TKW 


A 35,000-kVA vertical-shaft generator, 375 r.p.m., in the 
power-house of the new Schwarzach Generating Station of 
Tauernkraftwerke A.G., Salzburg Four such generators are 
being supplied by ELIN. The air-to-water heat exchangers of 
the generator cooling system are arranged for feeding the hot 
water heating system in the generating station. 


AKTIENGESELLSCHAFT FUR 
ELEKTRISCHE INDUSTRIE 
VIENNA AUSTRIA 
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lie marine 


BELCIUM CONCO 
FOUR 89 500 HP VERTICAL-SHAFT FRANCIS TURBINES 


operating at 333 r.p.m. under a 179m. head 







: 











hydraulic turbines 


equipment of large dams and 
hydro-electric power plants 


equipment of irrigation networks 
drilling turbines 

hydraulic couplings 

hydraulic Measuring instruments 


experimental and theoretical 
research and studies 


GRENOBLE PARIS x Vee 
Avenue de Beauvert S Rue Bellini 
TELEPHONE 44.55. SO TELEPHONE PAS 51.09 
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CAMARGOS 
ITUTINGA 
SAO MIGUEL 
INFERNO 
FUNIL 
FURNAS 


Six integrated hydroelectric power projects with a 
combined power potential of 1,400,000 kilowatts! That’s the 


scope of a vast engineering project in the heart of the SERVING DESIGN & ENGINEERING NEEDS WORLDWIDE WITH 
Rio Grande basin, state of Minas Gerais, Brazil. Already e Reconnaissance and Surveys 

producing vitally needed power for diversified industrial e Preliminary Analyses and Evaluation 

and commercial needs is Itutinga... Camargos is under e Estimates, Financing Plans and Project Recommendations 
construction . . . economic feasibility studies and e Design Drawings and Construction Specifications 
preliminary design have been completed for the others — e Analysis of Bids and Bid Recommendations 


all engineered by the International Engineering Company. e Detailed Construction Drawings 
e General Engineering Supervision 


e Final Reports and Record Drawings 





For a complimentary 
copy of our 16-page illustrated 
brochure, write to Dept. 2-1 
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74 New Montgomery Street * San Francisco, California, U.S.A. 





fe 


A subsidiary of Morrison-Knudsen Company, Inc. 
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The first 380-kV transmission line 


in the West German extra-high-voltage system of the Rheinisch- 
Westfalisches Elektrizitatswerk is equipped with 


Brown Boveri air-blast circuit-breakers 


in the two terminal stations at Rommerskirchen, near Cologne, 
and Hoheneck, near Stuttgart 


The illustration shows the 380-kV air-blast circuit-breakers at 
Hoheneck which were commissioned in 1957 


Brown Boveri transformers and air-blast circuit-breakers are also 
being supplied for the first Swiss 400-kV system of the Kraft- 
werke Hinterrhein AG., Thusis, Grisons. Aijr-blast  circuit- 
breakers built by Brown Boveri have been operating in the 
Swedish and Finnish 380-kV transmission systems for some con- 
siderable time 








96488: Vil 


BROWN 
BOVERI 


Products 
for 400-kV operating voltage 


Three - phase transformers wi th 
ratings up to 250 MVA 


Three-phase banks of transformers 
comprising three single-phase 
units up to 660 MVA 


Current and voltage transformers 


Air- blast circuit - breakers with 
breaking capacities up _ to 
20,000 MVA 


Isolating switches 


BROWN, BOVERI & CO., LTD., BADEN (SWITZERLAND) 


Representatives in most countries. 





the acme of efficiency in mining and 
tunnel development 





SALZGITTER MASCHINEN AKTIENGESELLSCHAFT 


SALZGITTER-BAD 





In Great Britain; Alexander Marcar & Company Limited, 61, Pall Mall, London, S.W.!. Telephone Whitehall 5315 









In Turkey ... 
and the world over 
























Bucyrus-Erie excavators 





are identified with progress 


Whatever its form, the development 
of resources for a nation’s progress 
begins with excavation. But hand 
excavation is slow and costly and 
today large schemes are only practical 
because of the advantages of modern 
large - scale mechanical excavation 
whether it be in open-cast mining or 
public works. Hydro-electric power 
schemes to utilise the natural re- 
QS sources of a country involve the 
excavation of immense quantities of 
earth and rock. Shown are two of the 
five 54-B machines used by Associa- 
tion EMC-RAR on dam construction 
work at Demirk6prii. The Hydraulic 
Works Administration justifiably put 
their faith in Bucyrus-Erie. 





BUCYRUS 
< a> 


ER 





BUCYRUS-ERIE COMPANY 
South Milwaukee, Wisconsin, U.S.A. 





RUSTON-BUCYRUS LIMITED, LINCOLN, ENGLAND 
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(Italy) 
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ARE YOU 



















mass producing ? 


Better see us about the castings. You'll want a continuous 


supply of exact, flawless castings and we have the technical 




























teamwork to give it to you. See us soon, let our design 
engineers in on the ground floor. That way—without 
departing from your essential specification—you can be sure 
that the final casting is completely free from 
hidden structural fault. And when production 
begins, leave it to our metallurgists and 
foundry engineers to ensure that the 
soundness and accuracy of every 


casting is faithfully maintained. 


CASTINGS FROM A FEW 
OUNCES TO TEN TONS 


in phosphor-bronze, gun-metal, aluminium- 
bronze, manganese-bronze, and light alloys. 
Precision machined bushes and _ bearings. 
Specialists in high-tensile aluminium-bronze 
castings, centrifugal-cast wheel blanks, shell 
moulded castings, and chill-cast rods and tubes. 
Continuous cast phosphor-bronze bars up to 
12 feet lengths. 








NON-FERROUS CASTINGS 
HIGH DUTY IRON CASTINGS - PRECISION MACHINED BUSHES & BEARINGS 






T. M. BIRKETT, BILLINGTON & NEWTON LTD 
HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 


Head Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7. LONGPORT, Phone: Newcastle Staffs 51433/4 
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Orders received 
during 1958 


Plant No. &type Dnom Hnorm. HP n 
of turbines mm m totally 
Valajaskoski 2 Kaplan 6.500 11.2 67.800 75 
Aittokoski 1 Kaplan 4.450 25.8 46.900 143 
Juukoski 2 Kaplan 5.700 24.5 148.000 115 


TAMMERFORS LINNE-OCH JERN-MANUFAKTUR 


AKTIE-BOLAG ENGINE 


ESTABLISHED 


TAMMERFORS, 





ERING WORKS 
1842 


FINLAND 
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DREES & CO. G.m.b.H. MASCHINENFABRIK Abt. 15, WERL (Kr. Soest) 
ae ARE RUNNING IN: TURKEY, THE LIBANON, PAKISTAN, IRAN, INDIA. THAILAND, THE PHILIPPINES, 


A, NEW ZEALAND, S. A. U., BELG. CONGO, PORT. ANGOLA, MAURITIUS, MEXICO, COSTARICA, GUATEMALA, 
COLUMBIA, VENEZUELA, ECUADOR, PERU, BRAZIL, THE ARGENTINE, CHILE, GREECE, YUGOSLAVIA, . 
, BULGARIA, AUSTRIA, CZECHOSLOVAKIA, LUXEMBURG, HOLLAND, BELGIUM, DENMARK, ICELAN IN. 
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6 High Pressure Penstocks, length of each Penstock 500 m. 
total weight 2°950 metr. tons, 1600/1450 mm. int. dia. plate- 
thicknesses 11-32 mm., delivered and erected 1956-58 by ' 
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FERRUM MONTAGE A‘5 
OSLO + NORWAY 








DESIGN ' SUPPLY : ERECTION 


Pipelines complete with accessories | 
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Ferranti Ltd. have been awarded a contract by the 
Power Authority of the State of New York to supply 
thirteen generator transformers for the Lewiston 
Power Station of the Niagara Power Project situated 
on the plateau on the Niagara River about 3 miles 
below the Falls in the town of Lewiston. 

The contract covers six 180,000 kVA, 13.2/240 kV 
3-phase transformers and seven 180,000 kVA, 
13.2/120 kV 3-phase transformers. They will be of the 
forced-oil, forced-water cooled, inert gas-filled type 
and each will be directly coupled to a 167,000 kVA 
3-phase generator. 

Believed to be the largest transformer contract so far 
placed in Britain by the U.S.A., delivery will 
commence in the middle of 1959 and will be completed 
by the end of 1960. 
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Maximum efficiency of 94.1% 


Reflects advanced practices at Newport News 


THE GRAPH shows performance of a 55,000 horse- 
power turbine, one of seven such units built by New- 
port News for the Clark Hill Power Plant (see photo). 

Shape of the curve is typical... not exceptional... 
for Newport News turbine performance. Regular, 
uniform, showing no-cut-off at full load, it indicates 
consistent delivery and stable operation. 

And especially, experience in design and model 
testing. 

At Newport News, turbine runners are continually 
being designed and redesigned for improvements in 





Engineers . . . Desirable positions available at Newport 
News for Designers and Engineers in many categories. 
Address inquiries to Employment Manager. 














performance. And often upon receiving a contract for 
turbines, a model setting is built and complete tests 
made. So far, Newport News has filled turbine con- 
tracts with an aggregate rated output in excess of 
7,000,000 horsepower. 

Penstocks, spiral casings, valves, pumps, rack rakes 
and other essentials are also designed and built by 
Newport News. Our illustrated booklet, “WATER 
POWER EQUIPMENT,” will be sent to you upon 
request, 


Shipbuilding and Dry Dock Company 
Newport News, Virginia 
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OFFICINE 
ELETTRO 
MECCANICHE 
GALILEO 


Di BATTAGLIA TERME SpA 







circuit breakers, isolating 
switches and measuring 
transformers for 220 kV. 





Somplago Power station 





Officine Elettromeccaniche Galileo build electrical equipment for medium, 
| high and ultra-high voltage, travelling cranes, gates of any type, racks, 
rack rakes and any other metallic frame for hydro-electric plants 





barrage on the Volturno river 
five automatic sector gates 
25 mt. wide; 375 mt. high 





For offers and details, please enquire to: Officine Elettromeccaniche Galileo, Servizio 


Commercio Estero, via Larga, 26, Milano (Italy) Phone: 877895. Grams: Elettroga, Milano 
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For many years ESC has been a 






leading supplier of steel forgings 






to many vital industries. 






Forgings in weights up to 175 






tons are manufactured in our 






high quality carbon and alloy 






steels—single piece engineering 






units produced from ingots 






weighing up to 275 tons—and 





other forgings from ingots 















30 cwt. and upwards—for all 


branches of engineering. 


ENGLISH STEEL FORGE AND ENGINEERING CORPORATION LTD. 


River Don Works, Sheffield A wholly owned subsidiary of English Steel Corporation Ltd. 


Illustrations show a forging 
operation under a 7,000 ton 
electro-hydraulic press, rough 
machined and black forged steel 
Turbine Shafts, 22 II” long, 

3 8 diameter with 6 2° and 
6 4 diameter couplings 
weight as forged 1114 tons, 
rough machined 70 tons—for a 
modern hydro-electric power 
project. 
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Turbines to 
talk about 









The last stage in the erection of the third Francis 
turbine for the Swedish power station Ramsele, 
belonging to the Krangede AB, Stockholm, is now 
} being completed. The other two turbines were 
put into service this summer. With the installation 
of this third unit, Ramsele Power Plant will be 
completed and will then have a guaranteed out- 
put of 206,490 h.p. at a net head of 243 ft. and 
187 r.p.m. The runners are made of stainless steel 
cast in one piece. 






Cross section through the power station of Ramsele 














| Num- | | Net 

Client Plant ber of | Total head | r.p.m. Remarks 

| units | output ft. 

Saltos del Sil S.A., Madrid, | San 362 338 214. Fourth unit in| 
| Spain Esteban . a ” service 1957 . 

| Harrsele AB, Stockholm, —_ 3. | 264.210 173 125 | in service 1958 

Sweden siete e piace a ci 

A. Johnson & Co. (Canada) 1 82.000 263 180 | in service 1957 






under 
construction 


Ltd., Montreal, Canada Willson 





Stora Kopparbergs Bergslags | Ti posle ») 280.000 | 459 214 
AB, Falun, Sweden ogee ~, gore 















AB M6lnbacka-Trysil-H6l- 



















: . “ under 

jes Kraftverk, Forshaga,| Héljes 2 182,800 284 187°5 | construction 
Sweden a : 
| Swedish State Power Board, gtajon 1 150.170 | 623 250 | on order 





Stockholm, Sweden 





AB KA <ANISKA WERKSTAD 


— SWEDEN 















REPRESENTA JOHNSON & CO. (CANADA) LTD., 607 SHELL TOWER BUILDING, MONTREAL 2 




















It is these years 
of finding-out «~~ 
that have made, _™ 


andstil Keep, o 


TT 


the fremost name | 
fore 


P e) | 
j 
' 















ct an, 





LATION 


220 kV. Pressure Type Cable Sealing Ends 

: incorporating T.T. porcelains installed at i 
ithe Fontenay Research Station of | 
Electricité de France 1948. 

Hydraulic routine test: 500 Ib/sq. in. 
applied internally. | 
Contractors: British Insulated Callender’: 

_ Cables Ltd.,.and Enfield Cable Co. Ltd. 


ELAIN | 



















dor TUNNICLIFF bout | 
tIGH PORCELAIN INSULATORS | 
TAYLOR TUNNICLIFF & CO. LTD., Head Office: EASTWOOD - HANLEY - STOKE-ON-TRENT - STAFFORDSHIRE 


Telephone: Stoke-on-Trent 25272-5. * London Office: 125 HIGH HOLBORN, W.C.1. Telephone: Holborn 1951-2 
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sy OTF | fe >) Se 2 O) Le) ae 
ATELIERS DU CREUSOT 
(USINES SCHNEIDER) 


15, Rue Pasquier, PARIS 8 Tel Anjou 34-40 


LE MATERIEL ELECTRIQUE S‘W 
Constructions électriqus SCHNEIDER 
Licence WESTINGHOUSE 


32, Cours Albert-1" PARIS 8 Tel BAL 57-5 


DE TRAVAUX 
(ENTREPRISES SCHNEIDER) 


ul. Malesherbes, PARIS 8 - Tel. : Anjo 


Laksapana Power Plant (Ceylon): Penstocks 


Serre-Poncon Dam Project : concrete 
gallery extending over 7,000 ft. 





Laksapana Power Plant :Two 16,100 kW 
Pelton units under erection 


CONSTRUCTION AND ERECTION OF ANY 
HYDRAULIC POWER PLANT EQUIPMENT 


Penstocks, Valves, Turbines, Alternators, 
Electric Switchgear, Transformers, etc... 


CIVIL ENGINEERING WORK 
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@) POST INSULATORS 
for the 
Hirakud Dam project 
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S.P.P. Post Insulators were supplied for Damodar Valley Corporation Machkund Scheme 


. U.P. Government North Calcutta Scheme 
the 132kV. outdoor switchgear on the Madras Government Pallivasal Scheme 
Hirakud Dam Project. Mysore Government Tungabhadra Scheme 
S.P.P. Post insulators have also been T™vancore— Sn I, HO 

d 1] h ¥ h d | . Cochin Government Moyar, Papanasam and 
usec oe a ; t - anda yaro-e ectric Bombay Grid Scheme many other substations 
projects in India, including the following:— Jog Falls Scheme on the Madras Grid. 
STEATITE & PORCELAIN PRODUCTS LTD. 
Stourport-on-Severn, Worcestershire. Telephone: Stourport 2271. Telegrams: Steatain, Stourport 





SPQ4A 











WATER POWER 1958 





December 


WATER CONTROL GATES 


a RT Gk hoe weaned 


eS 7 NZ eT 


MANCHESTER SHIP CANAL 


ee Ten wheel gates 30ft. span by I7ft.6in. deep 


HYDRO-ELECTRIC - IRRIGATION 
FLOOD CONTROL - WATER SUPPLY 
LOCKS and DOCKS 


Contracts carried out in all parts 
of the world 


RANSOMES & RAPIER LTD. IPSWICH ENGLAND 


WATER POWER December 1958 


51 











Including speed governor 
and turbine accessories 


Open flume Francis turbines 
horizontal shaft, no. V and Vi 


N 


20 — 100 kW, H 3—6m 
- a: he ri 

r - as cana» } 

— 





ety 


Open flume Francis turbines 
vertical shaft, no, — IV 
N 60 — 200 kW, H 2—S5m 


Francis spiral turbines 
horizontal shaft, no. Vil — X 
N 80 — 280 kW, H 15— 60m 
o* “=” 
im ia © 


Pelton turbines 
horizontal shaff, no. Xi and Xil 
N 80 — 100 kW. H — 40—70m 


Our expert engineers are well prepared to consult you sch! 2 as . T f=] 7 P= | 


at any time required. Ask for prospectus! 
St. Poelien, P.O.B. 168 — Telephone 2501 — Teletype 01 510 
. Cable address: Voithwerk St. Poelten. 
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Head Office and Works Branch Offices: 
Bergamo - Via Baioni, 35 









UPT- SACE 120 








Circuit-Breaker type “P’’ 
Rated voltage 600 V : 
Rated current up to 4,000 A if 
Breaking capacity up to 55 kA 
at 500 V a.c. : 





’ Circuit-Breaker type “Z 2” 

P Rated voltage 600 V 
Rated current up to 600 A 
Breaking capacity up to 20 kA 
at 500 V a.c. 














Circuit-Breaker type “Z’’ 
Rated voltage 500 V 

Rated current up to 150 A 
Breaking capacity up to 12 kA 
at 500 V a.c. 





OSTRUZIONI ELETTROMECCANICHE 


Milan - Piazza Duse, | 
Rome- Via del Tritone, 125 










South America’s largest 
Kaplan turbines 
to be delivered by NOHAB 


q 

















Shown here are one of the discharge 


The three Kaplan turbines for the Rincon de rings and a head cover for the 
, . . : Rincon de Baygorria Power Station, | 
Baygorria Power Station, situated on the Rio at the NOHAB works at Trollhit 


Negro, Uruguay, are now under construction tan, Sweden. 





in our shops. 





Data: 

Head - - - - = = = 14.7 m. 

Rated output perturbine - 49,500 h.p. 

Speed - - - - - = = 79 f.p.m. 

Diameter of therunner - - 6.7 m. 
NYDQVIST & HOLM AKTIEBOLAG 
TROLLHATTAN, SWEDEN < Cables: NOHAB ~- Telex: 5284 ° Telephone: 18000 
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A LEFFEL TURBINE 






IS A TITAN OF QUALITY 





The technical know-how, skilled personnel, use of the 
finest materials available, and rigid standards of quality 
control closely adhered to in the modern plant of The 
James Leffel & Company, enable Leffel to produce the 
ultimate in rugged, efficient turbines of the highest quality. 

Leffel’s experience is derived from almost a hundred 
years of designing and building turbines of all types. 
The records show that many Leffel turbines have devel- 
oped efficient, low cost, trouble-free power for more than 
half a century. 


THE JAMES LEFFEL & CO. 


MORE EFFICIENT HYDRAULIC 
POWER FOR 96 YEARS 








SCOCOSSSSSHSSSSSSSOSSSSSSSSHSSHSSHSSSSSSSHSHOHOSEHEEE® 


Leffel produces all types and capacities of hydraulic 
turbines for a range of heads from 3 feet to over 1,000 
feet. And Leffel engineers are available to assist you, at all 
times, from the original planning of your project through 
to the actual installation of the turbine equipment. 

If you’re planning a new project, or the rehabilitation 
or expansion of present facilities, contact Leffel for fast, 
complete service and rugged,top quality turbines. 

Mail the coupon below for complete information about 
the abilities and services of Leffel. 


FREE LITERATURE 1105-E 


THE JAMES LEFFEL & COMPANY 
DEPT. W, SPRINGFIELD, OHIO, U.S.A. 


C] Please send me more information on Leffel hydraulic turbines. 


CJ Please have your representative call 





Name_ . Title 








Street City State 
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At the 
Tunnel Intakes.. 











Dalat as 
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Glenfield Control Gates are giving efficient and reliable service 






under a great variety of working conditions, at entrances to tunnels 


on many Hydro-electric works. 


Usually, such gates are of the direct-lift kind, and two installa- 
tions of this type are illustrated. Above is a 10 ft. wide x 12 ft. 
deep free-roller unit for operation under a head of 98 ft.; and left, 
a 12 ft. wide x 15 ft. deep free-roller gate 
for a head of 72 ft. 


GLENFIELD & KENNEDY. LIMITED KILMARNOCK 





Head Office G Works: 
KILMARNOCK, SCOTLAND 
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Drawing at left shows ar- 
rangement f one turbine- 
driven pump unit. Com- 
bined discharge of 1,000 


fs per unit is ent y reg- 


ire 
slated by operation of the 


MS butterfly valve on the 
avigel ism lale-|.(omeslale) 
below shows one of the 
SMS-Francis runners, and 

ump impellers during 
manufacture. Note the 
contrast in design as re- 
ferred to above 


Project built by Chelan County, P. U. D. Engineers and Constructors: 


Stone & Webster Engineering Corp., Wenatchee, Washington 


SMS Turbine-Driven 


Pumps Used in Rocky Reach Fishway 


In addition to the seven 140,000 HP SMS-Kaplan tur- 
bines that will harness the Columbia River at Rocky 
Reach Hydroelectric Project, three special SMS tur- 
bine-driven pump units will provide water for the 
fishway system. These are SMS-Francis turbines, 
with a 48-inch SMS butterfly valve on the spiral case 
inlet. A fixed-blade, axial flow pump is directly coupled 
to the turbine. Two semi-buoyant structural steel flap 
gates prevent reverse flow from the fishway. 


An interesting contrast is present in this arrange- 
ment, in that a very low specific speed turbine runner 
(normally used for 800 to 1000 foot heads) operating 
under 60 to 90 foot head is used to match the speed and 
drive a very high specific speed pump impeller, de- 


More Power To... Hs 


—J 
Z iw ores 
“Corner” 


S. MORGAN SMITH 


signed for pumping a 4 to 5 foot, pool to pool head. 
This simplified arrangement eliminates the multipli- 
city of conversion losses inherent with a motor drive 
and results in increased overall efficiency and simpli- 
fication of controls. 

Current bulletins describing SMS hydraulic tur- 
bines, pumps and accessory equipment, as used in the 
above installation, are: 

#152 — Francis Turbines - +163 —SMS Water Con- 
trol Gates » +164 — Complete Valve and Remote Con- 
trol System + #165 — Adjustable and Fixed Blade 

High Capacity Axial Flow Pumps 

Write S. Morgan Smith Company, York, Pennsyl- 
vania for further information. 


HYDRODYNAMICS 


AFFILIATE: S. MORGAN SMiTH, CANADA, LIMITED, TORONTO 


Licensees: The Harland Engineering Company, Ltd., 
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Alloa, Scotland ° 


Rotovaives * Bali Vaives * R-S Butterfly Valves * Free-Discharge Valves ¢« Liquid Heaters * Pumps ¢ Hydraulic Turbines & Accessories 


Tokyo Shibaura Electric Co. Ltd., 
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Penstocks, pressure shafts linings, 
Substation steel structures 
Gantry and overhead travelling cranes 
Pylons, water gates 
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Downstream portion of the Grande Dixence Fionnay Power Station distribution pipe during ten- 
sometric shop tests. Max. wall thickness 52 mm., service pressure 96 at., test pressure 12] at 


GIOVANOLA senses. seca 
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The D.S.O. oil-filled cable is our latest development in 
33kV power transmission. 

Dispensing with fillers and built-in ducts, the design means 
economy in materials and manufacture. 

Publication No. 392 giving further information is available 
on request. 


Od 2-s-o- 
3S3kV cables 


BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.1 


Branches and Agents throughout the World 
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Flow in 


HE probiem of evaluating hydraulic losses in rock 

tunnels is of the first importance to engineers 

engaged in hydro-electric development, but it is 
one about which a great deal has still to be learned. 
The question requires closer examination than that 
of flow in pipes, for an unlined, partly lined, or arch- 
supported tunnel can impose a degree of hydraulic 
roughness far greater than that usually obtaining in 
pipes. Strange as it may seem in view of the number 
of hydraulic tunnels now in service throughout the 
world, one of the pressing needs is that of the collec- 
tion of really comprehensive measurements of rough- 
ness and performance, for even the most exact mathe- 
matical analysis must be brought to the touchstone of 
practical results before it can be regarded as an avail- 
able basis for design. 

In the light of these considerations a paper* recently 
presented by Dr. C. F. Colebrook to the Institution 
of Civil Engineers was a particularly valuable contri- 
bution to our knowledge; this is not surprising, as Dr. 
Colebrook has long been recognised as an interna- 
tional authority on hydraulic resistance. In the open- 
ing part of his paper, Dr. Colebrook quoted the 
formula for hydraulic friction in the transition range 
between smooth and rough pipes which he had pre- 
viously developed in collaboration with Prof. C. M. 
White, and which, he stated, applied equally well to 
smooth and to rough pipes. This formula, which was 
first published in 1939, has been widely accepted on 
the Continent and to a large extent in Great Britain 
and the United States. Nevertheless, the Manning 
formula is still preferred by many engineers as it is 
less laborious to use, although, as Dr. Colebrook 
pointed out, it is unsuitable for smooth large tunnels. 
Fresh impetus to the adoption of the Colebrook-White 
formula may well be given by the work of Mr. P. 
Ackers, of the Hydraulics Research Station, who, in 
a very interesting contribution to the discussion, 


* “The Flow of Water in Unlined, Lined, and Partly Lined Rock Tun- 
nels’’ (Paper No. 6281). By Cyril Frank Colebrook, T.D., Ph.D., 
B.Sc. (Eng.), M.I.C.E., Senior Engineer, Messrs. Binnie, Deacon & 
Gourley. Obtainable from The Institution of Civi] Engineers, Great 
George Street, Westminster, London, S.W.1. Price 4s. 6d. net. 
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Tunnels 


showed how after restating the formula as a series of 
non-dimensional expressions in terms of velocity, 
hydraulic radius and slope, he had succeeded in reduc- 
ing it to a chart whereby the formula could be rapidly 
solved for any given case. 

In the section on unlined tunnels, Dr. Colebrook 
devoted himself almost exclusively to a summary of 
the important investigations carried out in Sweden by 
Dr. Lennart Rahm. Elsewhere in this issue will be 
found an article by Dr. Rahm describing his work, 
and we need only mention here that Dr. Rahm has 
expressed the distribution curve for the variations in 
successive cross-sectional areas (between the frequen- 
cies of 1% and 99%) as a straight line, the slope 6 
of which on physical grounds would seem to have a 
linear relationship with the roughness, but which has 
been shown by measurements to be linearly related 
to f. Mr. Ackers suggested that the relationship should 
be quadratic, on the ground that the roughnesses were 
spaced at intervals determined by the length of “pull” 
in blasting the tunnel. Actually, within the limits of 
5 for which data are available (between 20% and 
40%), Dr. Rahm’s and Mr. Ackers’s formulae fit the 
results almost equally well, but how they will com- 
pare at the extreme ranges, as Dr. Colebrook pointed 
out, can only be established when the necessary data 
are available. 

For partly lined tunnels, Dr. Colebrook advanced a 
formula that was merely a summation of the indi- 
vidual effects of the lined and unlined sections, but 
Mr. J. R. D. Francis referred to work in the laboratory 
at Imperial College which suggested that this simple 
relationship might be modified in accordance with the 
water velocity and the size of the roughness elements. 

One of the most valuable sections of the paper was 
that dealing with the effect of flow on sliming in lined 
tunnels. There is a great dearth of reliable data on this 
phenomenon, and Dr. Colebrook has probably been 
the first to collect such information as is available on 
slimed tunnels and to present it in comparative form; 
even so, in view of the paucity of data, the author 
has included results from some open-cut conduits, 
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which should not differ in this respect from a free- 
flow tunnel. Dr. Colebrook was rightly cautious in 
drawing even tentative conclusions from these data, 
but it appeared probable that sliming increased the 
hydraulic roughness to a point at which it was bal- 
anced by the scouring action of the water—which in 
turn depended on the velocity—after which the 
roughness ceased to increase. 

The concluding portion of the paper, on economic 
considerations, was equally of value, for the author 
presented a chart from which it was possible to deter- 
mine the optimum size of tunnel for any given condi- 
tions and to decide whether it should be lined or un- 
lined, taking into account all such factors as plant 
efficiency, value of electricity, proportion of time the 
tunnel is in use, capital charges, and so forth. Mr. P. 
L. Aitken, of the North of Scotland Hydro-Electric 
Board, advanced a number of practical considerations 
which would tend to modify the choice between a 
lined and unlined tunnel, but the value of such a chart 
in the project stage would appear to be unquestioned. 

In the space at our disposal we have only been 
able to touch on the salient points of Dr. Colebrook’s 
paper; the paper itself requires, and repays, detailed 
study, and in our view is an important addition to 
the available literature. 


Beaumont Station Inaugurated 


Tue Shawinigan Water and Power Company’s 
new Beaumont hydro-electric generating station was 
inaugurated on September 24 by Premier Maurice 
Duplessis. The new plant, Shawinigan’s seventh de- 
velopment on the St. Maurice river, is located 
approximately 10 miles north of La Tuque. When all 
six of Beaumont’s generating units are in operation 
next year, the plant will have an installed capacity of 
246,200 kW, increasing the total capacity of the 
Shawinigan system to more than 1,500 MW. The 
Beaumont plant was designed and built by The 
Shawinigan Engineering Co. Ltd., wholly owned sub- 
sidiary of Shawinigan Water and Power. 


Integrated Water Utilisation in India 


THE Central Water & Power Commission of the 
Government of India are very naturally concerned 
about using the available water supply to the maxi- 
mum extent and the Chairman of the Commission, 
Mr. Kanwar Sain, has put forward a plea for the 
whole problem to be considered as an entity. To this 
end he has presented a paper to the Institution of 
Engineers (India) entitled “Master Plans for Inte- 
grated Water Utilisation.” in which he divides the 
country into six regions. A survey of each region has 
been conducted on the basis of topography, hydrology 
and other data, and all possibilities of each region 
were examined in turn with a view to establishing the 
most economic solution in regard to site considera- 
tions, the civil-engineering work involved and so on. 

It is estimated that a hydro-electric potential of 40 
million kW at 60% load factor could be economically 
developed within the territorial limits of India, neg- 
lecting substantial blocks of power that could be 
derived from the neighbourhood of the mountainous 
northern boundaries of the country. The most spec- 
tacular of these latter possibilities exists in a sharp 
U bend in the Brahmaputra River, in Tibetan terri- 
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tory, where a head of 7,500 ft. could be developed to 
give 30 million kW which could be shared with China. 
Other aspects of Mr. Sain’s work concern navigation, 
flood control and, of course, irrigation. The paper has 
been issued as a reprint by the Water Wing of the 
Central Water & Power Commission, Government of 
India, New Delhi, from Vol. XX XVIII, No. 7, Part 1, 
Journal of the Institution of Engineers (India). 


Turbine Order for Stalon Station, Sweden 


THE Swedish State Power Board has placed an 
order with KMW for the delivery of a vertical Francis 
turbine with a maximum output of 156,400 h.p. (115 
MW) at 190 m. head and 250 r.p.m. The unit will be 
installed in Stalon power station on the Angerman 
river in Northern Sweden. The turbine will be of 
welded design to the greatest possible extent. Thus 
the runner itself will be fabricated of stainless steel 
and the spiral casing of all-welded steel plate. The 
unit is due to go into service during September, 1961. 
Stalon power station will have the longest penstock 
in Sweden with a length of 17:5 km. (11 miles). Plant 
construction costs for Stalon are estimated at 115 
million Swedish kronor (£8 million). 

In Norway, the first unit of the Hjaridéla power 
plant has been completed. KMW are to supply both 
the turbines for this station; they are of Pelton type 
and will be the largest in Norway as regards output. 
The total output will be 142,000 h.p. (105 MW) at 
555 m. head and 428 r.p.m. 


Mauvoisin Inaugurated 


THE Mauvoisin arched dam was officially inaugur- 
ated on September 17, 1958, in the presence of the 
Valais Canton authorities and many distinguished 
guests. Creating a storage of 180 million cu. m. of 
water, this magnificent structure, 237 m. in height 
and over 2 million cu. m. in volume, will enable the 
Fionnay and Riddes power stations with their 352,500 
kW capacity, to add 761 million kWh to Switzerland’s 
yearly production, no less than four-fifths of it in 
high-value winter energy. Construction work took 74 
years, a year less than scheduled. 


Progress on Bridge River No. 2 Project 


ASSEMBLY of the first two turbines in the B.C. 
Electric’s Bridge River No. 2 power project began 
on September 17. These turbines are the first of four 
which will aggregate 320,000 h.p.; the remaining tur- 
bines will be installed next year. Work on this 
$56,500,000 project is progressing favourably with 
nearly 1,600 men working on the dam, power house, 
tunnel and penstocks. Workers recently broke through 
on the 24 mile tunnel under Mission Mountain which 
will divert Bridge River water to the new power house 
on Seton Lake. This work involved the excavation 
of 120,000 cubic yards of rock. Lining the tunnel 
with 40,000 cu. yards of concrete has begun, and will 
be completed in January. The erection of the twin 
mile-long penstocks which will carry the water from 
the tunnel to the power plant 1,360 ft. below has also 
been started and will be completed in March 1959. 
Mission dam, which will have roughly three million 
cubic yards of fill, is two-thirds completed, and flood- 
ing of the area, which will eventually bring the water 
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level to 140 ft. deep behind the dam, will begin in the 
spring of 1960. 

This is the second stage of the Bridge River power 
programme. Lajoie dam, 40 miles upstream from the 
new dam, impounds water for the first Bridge River 
power house now producing 248,000 h.p. Completion 
of the scheme, engineered by B.C. Engineering Co. 
Ltd., will more than double the power output from 
the area. By 1960 over 2,000 GWh will be transported 
to the Lower Mainland and Vancouver Island each 
year. 


Strathfarrar and Kilmorack Project 


THE Strathfarrar and Kilmorack project, compris- 
ing five dams and four power stations with a total 
installed capacity of 102 MW, is now in the advanced 
design stage, and the preliminary civil engineering 
work will begin early in 1959. The scheme will har- 
ness the water of Loch Monar, Loch Beannachran, 
the rivers Farrar and Beauly and their tributaries; 
power stations will be built near Doanie, near Culli- 
gran, near Crask of Aigas and near Kilmorack. The 
project is, in fact, a continuation and completion of 
the Mullardoch-Fasnakyle-Affric development in 
which a large part of the Beauly river catchment is 
already used. 

The water level of Loch Monar will be raised by 
building a dam in the Garbh Uisge, a short distance 
to the east of the loch, and a small dam to the south. 
There will be a tunnel from Loch Beannachran to the 
Culligran power station and two head ponds will be 
formed by dams at Aigas and Kilmorack. The storage 
reservoir at Loch Beannachran will also be used to 
regulate the flow in the Farrar river. A head of some 
700 ft. will be available at Kilmorack dam and power 
station. It is expected that the scheme will begin to 
produce power about three and a half years after the 
contracts have been placed and tenders for the prin- 
cipal construction and equipment are now being 
submitted. 


A Joint Italian-Swiss Development 


Numerous possibilities exist all along the Alpine 
range for hydro-electric developments involving two 
or more adjoining countries. Among the most exten- 
sive of the numerous investigations of this kind were 
those concerning the Reno di Lei-Ferrera plant which 
is now under construction. The Reno di Lei rises in 
Italy where it flows for a short distance before cross- 
ing the Swiss border and joining the Rhine (Hinterr- 
hein). Its exploitation has been studied for several 
years by technologists of both Italian and Swiss com- 
panies. In 1948 a project was submitted jointly by the 
Edison Company of Milan and the Motor Columbus 
of Baden to the Italian and Swiss governments, This 
project was the basis of an agreement drawn up by 
the two governments in 1949, settling the terms for 
the granting of exploitation rights and the division 
of the power output between the two neighbouring 
countries. The general plan of 1948 has been gradu- 
ally developed without any substantial change being 
made. 

The plant consists of an open-cut canal running 
through Swiss territory and collecting the water of the 
Rhine of Avers and of its tributaries. This is followed 
by a free-flow tunnel about 4-5 km. long which 
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crosses into Italian territory and discharges into a 
reservoir in the Lei valley with a capacity of approxi- 
mately 200 million cu. m. The water stored in the 
reservoir is conveyed to Ferrera underground power 
station by means of a pressure tunnel about 7 km. 
long. Four 45 MW main generating sets are in _pro- 
ject, besides auxiliary sets. 

One of the major parts of the work is the reservoi, 
at a maximum retention level of 1,932 m., the con- 
struction of which is under way. The dam will be a 
large concrete structure of the arch-gravity type, with 
a volume of 850,000 cu. m., 140 m. height, and 520 m. 
maximum chord, and will therefore rank among the 
largest dams of this type. 


Mexican Plant Under Test 


Fina tests are about to commence on the Temaz- 
cal station in the Miguel Aleman system of the 
Papaloapan watershed. It is situated on the Tonto 
river and comprises four 37‘5 MW generating sets. 
The power will be supplied to the States of Veracruz, 
Puebla and part of Oaxaca, and a transmission line is 
being constructed to serve the Benito Juarez paper- 
mill in Tuxtepec, Oaxaca. Studies are being made to 
determine the feasibility of a similar plant on the 
Santo Domingo river. 


New Power Network for Sydney 


A NEW electric power network for Sydney is to 
be developed over the next ten years at a cost of 
£A30 million. The Electricity Commission will serve 
the city with a high-voltage transmission system, 
carrying power to three major distribution centres in 
the north, south and west of the outer suburbs. The 
distribution centres will receive large blocks of power 
from generating stations on the coalfields and from the 
Snowy Mountains hydro-electric scheme, as well as 
the existing stations in Sydney. Sydney’s electricity 
needs are expected to rise from 900 MW this year to 
2,000 MW in 1968. 





Correspondence 


Large Hydro-Electric Valves 
To the Editor, WATER POWER 
I was very interested by Mr. L. M. Boyd’s article 
entitled “Large Hydro-Electric Valves: Some Recent 
Applications” published in the October issue of your 
journal. However, I cannot accept the statement on 
page 384 that “Johnson valves are receiving very little 
consideration today for new applications.” On the 
contrary, although the Johnson valve is being re- 
placed by the spherical valve for turbine installations, 
only Johnson shut-off valves are used for pumped- 
storage plant. Unlike turbines, centrifugal pumps do 
not have their own shut-off devices; neither do 
volute-type or diffuser-type pumps which are equipped 
with stationary guide vanes only. 
Pror. G. HUTAREW 
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Fig. 1. Rosshaupten power station from the tailrace 


Rosshaupten Power Station 


This article describes the hydraulic features and the electro- 
mechanical equipment of a storage power station in Bavaria 
which has been in operation since the end of 1954 


By St-Prof. Dipl.Ing. L. A. 


PART 


N interesting power station with an artificial stor- 

age reservoir has been operating for some years 

in one of the most beautiful regions of the 
Bavarian Alps, close to the famous castles of Neu- 
schwanstein and Hohenschwangau. The Rosshaupten 
power station takes its name from a village close by: 
together with nine additional plants farther down- 
stream, it is owned by the Bavarian Water Power 
Company (BAWAG) whose headquarters are in 
Munich. 

The power for Rosshaupten and the other plants of 
the BAWAG is derived from the river Lech which 
rises in the Austrian Tyrol. Before reaching the dam at 
Rosshaupten, the Lech takes in a large number of 
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small tributaries, some of which rise at the 2,800 m. 
level, and several mountain lakes in the neighbour- 
hood drain into it. The total catchment area upstream 
of the reservoir thus totals 1,582 sq. km. The Lech is 
essentially a fairly fast-flowing mountain river the dis- 
charge of which varies between wide limits; the lowest 
and highest flows recorded are Q,,\,.= 10 cumecs and 
Qynax.=975 cumecs, the latter being reached during the 
1910 floods. The river carries a considerable amount 
of solid discharge, and its mean annual volume near 
the village of Fiissen is estimated at 140,000 cu. m. 
The Lech crosses the frontier between the Tyrol 
and Bavaria immediately upstream of Fiissen where 
there is an imposing waterfall in a short gorge. Far- 
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ther downstream, at Rosshaupten, the river breaks 
through a Tertiary mountain ridge which formed the 
most favourable location for a dam. Very careful con- 
siderations led to the choice of an earth dam, which 
now rises 41 m. above the original rock bed. For 
reasons of economy and safety, and in order not to 
disturb the landscape, no other type of structure 
such as an arch, gravity or concrete dam could be 
considered. A very satisfactory solution to the land- 
scape problem was found so that now, only a few 
years after this great upheaval, the lake with its 15-8 
sq. km. surface area and 45 km. shore line already 
harmonises with the surrounding country. 

Before dealing in detail with the power station it 
will be useful to describe briefly the general features 
of the scheme (Fig. 2). Its main units are the dam, the 
8-35 m. diameter power tunnel with its intake struc- 
ture, and the power station containing two sets of 
24 MW each. Flood discharge is through a gate and a 
system of syphons which discharge into a concrete 
channel from which the water passes through an 
8-35 m. diameter conduit into the stilling pond on the 
tailrace. A second flood discharge tunnel of 2-20 m. 
diameter is provided on the right (south) river bank. 
The outdoor switchyard with its transformers lies a 
little way above the station. Apart from the second 
flood discharge tunnel, the entire installation, includ- 
ing staff houses, is located on the left (north) bank of 
the Lech (Fig. 3). 
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The Earthfill Dam 

Fig. 4 shows a cross-section through the dam. The 
water seal consists of a clay core almost 40 m. high, 
which incorporates a 5 m. thick cut-off wall consisting 
of a concrete arch encastred in the rock and having a 
horizontal spur. The wall is 29-5 m. high and extends 
19 m. below the base of the dam: it contains two in- 
spection galleries. The largest part of the total dam 
volume of 650,000 cu. m. consists of the gravel slopes 
on either side of the clay core, which are permeable to 
water. Immediately adjacent to the clay core are two 
thin zones of screened Lech gravel. On the open side 
of the dam is a sandstone toe wall with a drainage 
layer extending far into the dam. The slope on the 
water side is protected by a | m. thick layer of riprap 
while the open side has been covered with soil to 
provide a suitable environment for trees and shrubs. 
The width of the dam at its base is 110 m., and the 
dam crown which carries a road at elevation 785 m. is 
slightly S-shaped and 280 m. long. 

Extensive precautions were taken during construc- 
tion to ensure that the Lech could flow freely across 
the site without endangering the works even in the 
case of a sudden flood. After the concrete cut-off wall 
had been completed, and even during the initial stages 
of dam construction, the Lech passed across the site 
in an open channel although on two occasions it was 
necessary to change the location of the channel in the 
valley. Two new discharge channels for the river were 
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Fig. 2. Layout plan of Rosshaupten station 
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Fig. 3. Rosshaupten development during construction 


constructed at the same time as the dam itself: the 
8-35 m. diameter turbine tunnel on the north bank and 
the 2:2 m. diameter discharge tunnel on the south 
bank. It was obviously essential to keep the water 
which passed through the power tunnel away from the 
power station itself while the latter was being con- 
structed, and it was therefore diverted through a 
branch tunnel into the flood discharge conduit (also 
8°35 m. in diameter) and then into the stilling pond. 
At certain periods the south tunnel was also used to 
bypass part of the river flow. 


Power Tunnel 

This tunnel was constructed using the Berger and 
Kieser system of a prestressed steel-less core ring lin- 
ing (Fig. 5). The tunnel was initially driven through 
the rock to a diameter of about 10 m. and was then 
given a first concrete lining of 9-21 m. internal dia- 
meter. This circular surface was then covered with 
precast concrete plates 5 cm. thick which carry spikes 
3 cm. high. These slightly curved plates measured 
25 x 60 cm. and were cast on site, the 245 m. of 
prestressed tunnel requiring some 44,000 plates. The 
annular space formed by these spikes between 9-21 m. 
and 9°15 m. diameter was arranged to be grouted later 
under pressure. This plate lining, which had an inter- 
nal diameter of 9-05 m., was finally covered with a 
concrete core ring 35 cm. thick, giving a final tunnel 
diameter of 8-35 m. The core ring was prestressed by 
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filling the 3 cm. thick annular space with grout under 
8 atm. pressure. This hydraulic force pressed the ex- 
ternal ring uniformly against the rock surface, and by 
using the rock pressure as a natural abutment it was 
possible to omit the usual steel reinforcement. The 
inner ring is subjected to an external pressure and 
precompressed to such an extent that it is impossible 
for tensile stresses to occur during service, even under 
the effect of water hammer. The static operating pres- 
sure is 3-8 atm. and, when the water hammer pressure 
is taken into account, the maximum pressure amounts 
to 5-3 atm. With this type of construction it is par- 
ticularly important to maintain an accurate control of 
the prestressing pressures, and therefore a Maihak 
remote-indicating equipment was used to check con- 
crete deformation and rock resistance, as well as the 
temperature and the hydraulic pressure. 

Towards the end of the rock section the diameter 
is reduced to 7-5 m., and the tunnel then divides into 
two penstocks of 4-5 m. diameter each, spaced 15 m. 
between centres, which run to the valves. The actual 
bifurcation consists of a very large welded Y-piece 
with a horseshoe-shaped cast-steel reinforcing web be- 
tween the outlets. The entire manifold with its Y-piece 
is located in an open concrete recess protected against 
any upthrust. This heavy unit is supported at only 
three points, one of which is directly below the apex 
of the reinforcing web while the other two are con- 
nected to the support ring for the main pipe. A rein- 
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Fig. 4. Section through Rosshaupten dam 


forced-concrete box structure takes up the horizontal 
forces. The total weight of the manifold is approxi- 
mately 750 tons. 


The Intake Structure 

From the reservoir the water enters the power tun- 
nel through three rectangular openings each 8-25 m. 
high and 3 m. wide, which gradually change into an 
elliptical and finally into a circular section of 8-35 m. 
diameter (Fig. 6). This concrete structure is closed by 
three roller gates running on tracks inclined at 45°. 
The gates are welded from 500 mm. high broad-flange 
beams, and each gate runs on 12 rollers with indi- 
vidual bearings with a spacing of 3-5 m. between the 
track centrelines. 

A second track parallel to and above the gates car- 
ries the screen and the bulkhead. Three additional 
tracks are provided for this purpose, together with a 
short length of parking track; the track width is 4-36 
m. in each case. The screen is made from rectangular 
bars 100 mm. x 10 mm., spaced to give clear openings 
of 100 mm. and thus forming a coarse screen. When 
repairs have to be carried out on the roller gates, the 
screen can be replaced by a steel bulkhead. This bulk- 
head, 11-5 m. high, consists of 16 transverse beams 
made from broad-flange rolled sections, Each beam 
has a pair of rollers so that altogether 32 rollers trans- 
mit the hydraulic load evenly to the rails. When the 
bulkhead is not in use, it is kept on the fourth (park- 
ing) track. 

A movable gantry fitted with electric hoisting gear 
is used for raising and transporting the bulkhead, as 
well as the screens and the roller gates. This gantry 
runs with its lower rollers on a footbridge while the 
upper wheels rest on a beam supported from the 
winch house. The winch house itself has two floors. 
The lower floor contains three lifting gears with 
jointed racks for raising the roller gates, and the upper 
floor also contains three lifting mechanisms, each with 
« pair of rope drums, for the screens and the bulkhead. 
The gates are raised and lowered by the jointed rack 
gear mentioned above, a special design developed by 
M.A.N. which long use has proved to be highly satis- 
factory for this type of application. It uses a series of 
short racks, each consisting of four bolt spaces, which 
are connected together by joints, These rack elements, 
which themselves are completely rigid, run in U- 
shaped guides mounted on the ceiling and on the rear 
wall of the winch house. The pinion is of exactly the 
same type as in the conventional rigid-rack system, so 
that the entire arrangement is identical with a normal 
rack-and-pinion drive from a kinematic point of view. 
It is interesting to note that all six lifting gears are 
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driven by a single motor which is rigidly connected 
to an unenergised reserve motor of the same size. The 
winch motor is located on the lower floor together 
with the gate lifting gear; it has an output of 14 kW 
at 950 r.p.m. and drives through a 38:1 reduction 
gear to the main shaft which extends over all three 
lifting gears. Each of these lifting mechanisms has a 
triple reduction gear and can be separately connected 
to the drive. Each rack pinion is rigidly connected to 
an oil gear brake so that the lowering speed of the 
heavy gates can be accurately controlled. A compre- 
hensive system of interlocks covering the entire drive 
prevents incorrect operation. 

Power to the rope winches on the upper floor is 
transmitted through a vertical bevel-gear shaft fitted 
with a coupling. The drive again consists of a main 
shaft covering all three lifting gears. Each gear has 
two 750 mm. diameter rope drums driven in parallel. 
During lowering, the drum speed is controlled by a 








Fig. 5. Section through the power tunnel 
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Fig. 6. A view in the completed 8-35 m. tunnel 





Fig. 7. Model of the Y piece 
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differential band brake. Each of the lifting gears can 
of course be operated separately through suitably 
arranged couplings. The entire machinery and the 
steelwork of the intake structure have been supplied 
by M.A.N., Gustavsburg Works. 


Flood Discharge. 

Still on the left bank of the Lech, we now turn to 
the arrangements for flood discharge. These consist of 
14 self-priming syphons which together discharge 535 
cumecs when the water level is 1 m. above the normal 
level. Additional discharge capacity is provided by an 
automatically operated tilting gate 21 m. wide with a 
head of 3 m., amounting to some 215 cumecs. The 
total discharge (without turbines) is therefore 750 
cumecs. Fig. 10 shows a section through the syphon 
which becomes fully effective when the water reaches 
its maximum level of 782 m. Only the first two sy- 
phons (No. | and No. 2) are fitted with guide vanes so 
that they can operate as auxiliary syphons and pass 
a certain amount of water before the highest water 
level is reached. 

If a larger discharge is required below the maxi- 
mum water level, this can be provided by operating 
the gate, which can be tilted through a full 90°. The 
gate is driven from one side only and has therefore 
had to be designed as a welded unit capable of with- 
standing torsional and bending stresses. It is operated 
by means of a chain winch driven by a 5-5 kW motor 
through a wormgear and several stages of spur- 
reduction gearing. The gate is raised and lowered by 
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means of a duplex chain of 250 
mm. pitch. The chain bolts are 
arranged to rest at all times on 
three points of the 7-tooth driving 
pinion. 

The gate with its operating gear, 
as well as the large Y-piece des- 
cribed above, were supplied by 
Lavis Sdéhne, Offenhach-Main. 

The water discharge from the 
syphons and the gate flows into a 
trough which continues into an 
underground discharge conduit 
8-35 m. in diameter. Part of this 
conduit was used during the con- 
struction of the dam to divert the 
river Lech. At the end of the dis- 
charge conduit (Fig. 2) are two 
concrete splitters which divide up 
the water flow before it discharges 
into the trapezoidal stilling pond. 
The pond has a weir with five 
openings totalling 15 sq. m., and 
a final weir which forms the 
transition to the natural river bed. 
A 3-20 m. diameter steel bottom-outlet pipe from the 
main tunnel also discharges into the diversion tun- 
nel, and this pipe is closed by a wedge roller gate. 


The South Tunnel 

At certain periods during construction of the dam 
the river Lech required a second diversion channel 
(Fig. 2) which was provided on the south side (the 
right bank) in the form of a tunnel 2-20 m. in dia- 
meter. The tunnel invert lies at elevation 750-00 m. 
The inlet is protected by a fixed screen and a vertical 
control shaft of 2°6 m. diameter located 75 m. along 
the tunnel houses a wedge roller gate (supplied by 
Noell & Co., Wiirzburg) surmounted by the rope lift- 
ing gear. The tunnel has been constructed with a very 
gradual slope. A length of 259 m. is provided with 
two different concrete linings, using the systems of 
Jauch arid Hamann/Keller. As in the case of the main 
(north) tunnel, this is a type of prestressed concrete 





Fig. 8. View from end of diversion tunnel looking 
towards splitters 
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Fig. 9. Intake structure (from a painting by M.A.N., Gustavsberg) 
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Fig. 10. Section through syphon 


lining without steel reinforcement. Only the final 78 m. 
of the tunnel has been lined by using the conventional 
reinforced-concrete method. The end of the south 
tunnel passes through the tailrace training wall and 
discharges into a small stilling pond. The water dis- 
charge is divided by a concrete splitter. With the reser- 
voir at its highest level, the tunnel can pass a maxi- 
mum discharge of 60 cumecs. Since completion of the 
power station, the soutin tunnel has only been used in 
special circumstances, for example to ensure the 
guaranteed minimum flow of 25 cumecs downstream 
with the reservoir drawn down and the main tunnel 
out of service. 

The main firms engaged on the construction work 
(most of the companies combined to form groups) 
were:— 

Hochtief A.G., Essen 
A. Kunz & Co., Munich 
Griin & Bilfinger A.G., Munich 
Wayss & Freytag A.G., Munich 
German Tunnel Construction Sanger & Lannin- 
ger G.m.b.H., Baden-Baden 
J. Keller G.m.b.H., Frankfurt/Main 
Road Construction F. W. Noll, Munich 
Building firms from the town of Fiissen. 
(To be continued) 








The Sixth International Congress on 


Large Dams 


A commentary is presented on the reports and communica- 
tions submitted to the recent Congress in New York, together 
with an account of the discussions and related activities 


OMMENTING on the Fifth International Con- 

gress on Large Dams in Paris, 1955, we made the 

remark that each Congress has its own atmo- 
sphere, which will readily be appreciated by those 
used to attending international meetings. The Sixth 
International Congress on Large Dams, in New York, 
was most memorable by the wealth of information 
and the scientific value of the findings and results 
which were made available to the members of the 
Congress. Looking backwards to previous meetings 
members realise the positive achievements of long 
years of hard work. Dam design is now a fully de- 
veloped technique of which engineers are justly 
proud. 

This is the place for all members to offer their 
thanks to the American National Committee and to 
all members and officers of the Executive Committee 
for a work well done. 


Question 20. Heightening of Existing Dams including 
Methods of Constructing New Dams in Successive 
Stages. (General Reporter: Mr. José Toran, Spain.) 
This question is one of the most controversial ever 
to have been submitted to a general discussion by the 
International Commission on Large Dams. The prob- 
lem is most immediate because many existing reser- 
voirs are being reviewed for possible enlargement 
either for obtaining an increased hydro-power output 
or an increased storage capacity for irrigation. In the 
near future some of these schemes may be recon- 
sidered for adaptation to pumped storage. Studies on 
the methods to be used for heightening or reinforcing 
existing dams may possibly give rise <o new dam de- 
signs. There are at least two examples in the past of 
such a development. The repair and consolidation 
work done years ago by Mr. Coyne for a damaged 
Algerian dam and the method suggested for heighten- 
ing it was the origin of a new type of dam reinforced 
with pretensioned anchored cables. Similarly the re- 
search work on the feasibility of heightening conven- 
tional gravity dams was directly responsible for the 
elaborate design of the high Grande Dixence dam. 
Some of the reports submitted on this Question 20 
were on heightening of gravity or arch dams, others 
are concerned with earth or rockfill dams. Some de- 
scribe particular cases of heightening; others are more 
concerned with a general enquiry on methods of 
heightening and compare alternative designs. 
Altogether, 29 reports, some of them very im- 
portant, were submitted on Question 20. 
Beginning with Mr. J. Bellier, the well-known asso- 
ciate of Mr. A. Coyne, Report R48 surveys the “Pro- 
gress Realised in Recent Years in the Strengthening 
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and Raising of Dams by Prestressed Cables.” Cables 
of 1,200 tons have been used at Rassisse to pin an 
arch abutment to the rock (in order to economise 
mass concrete), and at Joux dam, which was being 
heightened. Lighter cables (70 tons to 140 tons) were 
used on other dams for various purposes. 

Prof. H. Press (Berlin, R.3) describes three cases 
of heightening. The first concerns an earth dam in 
the Ruhr valley (Germany) where the water level in 
the storage reservoir has been raised by 16 m. The 
two other designs concern projects for the heightening 
of an arch-gravity dam (with prestressed cables) and 
of a gravity dam (conventional thickening at the 
downstream side and’ use of Prepakt concrete). 

Prof. Becerril (Madrid, R.13) describes a number 
of Spanish dams (some of them of Roman or Moorish 
origin) which were reinforced or heightened about 
30 or 35 years ago and some more recently. He also 
describes several Spanish dams built under his super- 
vision which were built in several successive steps 
and can therefore be classified under the general 
term of “heightened dams.” On page 7 of the re- 
port, Prof. Becerril gives a table classifying the best 
known methods of heightening dams, including the 
use of prestressed cables and the filling in between 
buttresses. The second part of the paper deals with 
a mathematical analysis of the stresses occurring in 
dams when heightened. (The method of Becerril is 
similar to the general analytical method introduced 
years ago by Prof. Pigeaud, France.) 

The enquiry by Prof. C. Mateescu (Rumania, R.32) 
is On even more general lines than R.13, but is less 
factual. The Grande Dixence dam, the now classical 
example for heightening a very large gravity dam, is 
mentioned. (The writer misses any reference to the 
constructional method used at the Mauvoisin dam, 
the base of which is also in two stages: first concret- 
ing of an upstream arch, and then afterwards concret- 
ing the downstream portion of the arch.) Two papers 
by Priscu and contributors (Rumania, R.33 and 34), 
are an interesting supplement to the previous one. 
The first deals with the method of construction of 
a 63 m. high dam (Negovanu dam), the second is a 
general theoretical analysis of dam heightening by 
prestressed cables. Another analytical study of an- 
choring with cables is to be found in R.112 by Prof. 
H. Z. Bassevitch (U.S.S.R.) who also studies methods 
of redistribution of elastic stresses in hollow gravity 
dams of a new type. 

Monographs on actual dam heightenings can be 
found in R.101 by Safont (Algeria), R.20 H. Zaky 
(Egypt) who describes the heightening, now classical, 
of Aswan dam, R. 49 by Mr. M. Terrasa (France) 
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on Mount Larron dam. The heightening of an arch 
gravity dam (Avon dam) by the Coyne method is 
described by Mr. Linton Bogle, Great Britain, in R.2, 
whereas Mr. P. I. Parker (Great Britain) in R.44 de- 
scribes a contractor’s experience in the prestressed 
cable method. As might be expected, the report R.14 
by Prof. G. Oberti (Italy) contains first-hand informa- 
tion of great importance on model tests carried out at 
his Bergamo “Institute for Testing Models and Struc- 
tures.” Full descriptions of the tests for Frera dam, 
Cancano dam, Kurobe dam (in Japan) and the “Des 
Toules” dam (Switzerland) are to be found in this 
report. R.11 is supplemented by the findings of Mr. C. 
Semenza (Italy) in R.86, who considers mainly the 
heightening of arch dams and their reinforcement. 
The description of the heightening of Odomari gravity 
dam by Messrs. Kondo and Kakitani (Japan, R.23) is 
supplemented by theoretical research on temperature 
strains and stresses caused by heightening. The Portu- 
guese arch dam technique is represented by R.40, a 
report by Messrs. Xeres and Granger Pinto on the 
heightening of an arch dam in Portuguese East Africa. 

Earth dam and rockfill dam heightening are dealt 
with in two American reports (R.91 by Mr. Hoff- 
mann and R.92 by Mr. Scott). 


Question 21. Observation of Stresses and Deforma- 
tions in Dams and in their Foundations and Abut- 
ments, and a Comparison of these Observations 
with Computations and Tests on Small-Scale 
Models. (General Reporter: T. Yoshida, Japan.) 
This is obviously one of the most important ques- 

tions ever submitted to its members by the Commis- 

sion. It summarises all our knowledge on dam cal- 

culation, design and model testing. No less than 59 

papers deal with these problems. The Italian delega- 

tion alone has submitted 23 papers, the U.S.S.R. nine, 

France five, Portugal four, Japan three—and Report 

R.25 by the Japanese National Committee is 57 pages 

thick!—the U.S.A., Germany, Algeria each two. 

Other contributions are by Austria, Czechoslovakia, 

Great Britain, India, Uruguay (and not Mexico as 

stated in the report), Portugal, Sweden, Switzerland, 

Turkey and Yugoslavia. When dealing with such im- 

portant material, it is wise to follow Prof. Yoshida 

(Japan), the General Reporter for Question Nu. 21, 

as a guide. In the introduction to his comments he 

writes: 

“The various authors have studied their problems 
in many different ways. In certain cases actual stresses 
in dams, their foundations and abutments have been 
observed and then compared with what had been in- 
dicated by computations and small scale model tests, 
thus covering the entire subject matter of Question 
No. 21. Some papers discuss crown deflections of the 
crest of dams observed under various loading condi- 
tions which change according to reservoir water level 
and temperature, and subsequent analyses to separate 
each contributing effect, while others present infor- 
mation as well as precautions to be taken regarding 
certain special fields which are familiar to the 
authors.” 

The survey by the General Reporter covers—in 
75 pages—seven chapters, some of which have no 
less than six to 11 subtitles! In his closing remarks 
the General Reporter writes: “It is clear from the 
great number of papers presented on Question No. 
21 that in recent years there has been an enormous 
1958 
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amount of progress made in the observation of 
stresses and deformations of dams as well as in inter- 
pretation and analysis of the behaviour observed, 
which has led to advanced uses of the results of com- 
parison between these observations and computa- 
tions. Electronic computing machines have made pos- 
sible a tremendous speed-up in calculations while 

models and their utilisation have been developed to a 

high degree. These all have led to a greater under- 

standing of the behaviour of dams and it may be ex- 
pected that they will be more safe, more watertight, 
more durable and more economical in the future.” 

This is the General Reporter’s opinion. It is not 
advisable to analyse here 59 reports. Let us pick out 
a limited number of interesting points. 

(a) Methods and Instruments for the Measurement of 
Stresses and Deformations of Large Dams 
(Geodetic methods, Stereophotogrammetry, Rela- 
tive Displacements, Strain and Stress Measure- 
ments, Temperature Measurements, Joint Open- 
ings, etc.). 

A considerable amount of information can be 
found in the papers presented by the Italian Edison 
group of Milan, headed by their consulting engineer, 
Mr. C. Marcello and his assistants (mainly papers 60, 
62, 63, 64, 65). Important contributions on the same 
subjects have been submitted by another well-known 
Italian group, the Societa Adriatica di Elettricita 
(Venice), their consultants and collaborators, by ex- 
perts from France (Mr. Ferry, R.118), Algeria 
(Messrs. Aris and Schlumberger, R.102), Austria 
(Mr. Tremmel, R.15), Japan (Japanese National Com- 
mittee on Large Dams, who have produced a most 
impressive contribution to the subject in R.25), and 
Portugal (Mr. Rocha and contributors, R.83). Under 
this heading considerable progress has been made in 
the design and use of the apparatus, the precision of 
the measurements and the methods by which they are 
analysed. Also the scope of interest has been widened. 
The bulky Japanese and Italian contributions to these 
problems are worth special mention. Report R.119 
by Messrs. Neviére, Willm and Perreau-Saussine is 
worth mentioning too, as it discusses the use of a 
stereophotographic method to determine the displace- 
ments of a rockfill dam. 

(b) Mathematical Analysis and Quantitative Inter- 
pretation of Observed Behaviour of Dams. 

The Russian team has produced several papers of 
considerable interest. Prof. Gutman, of the All-Union 
Research Institute of Hydraulics (R.108) examines 
“Some Problems of Siatistics of Large Dams in the 
Light of Laboratory Model Research.” These in- 
clude advanced research on the theory of percolation 
stresses, temperature stresses, and local stresses in the 
vicinity of an inclined cylindrical opening (pipe) in 
the dam. The problem of uplift pressure is also taken 
up by Prof. Chugaev (R.129) from the same Institute. 
Other theoretical researches are by Prof. Tonini 
(Italy, R.77) on temperature variations into the dams, 
Marcello (Italy, R.71), and Messrs. Babuska and 
Mejzlik (R.59) on similar problems. The Portuguese 
experts, Messrs. Xeres and Rocha (R.36, R.39) and 
collaborators contribute to the problem of dam be- 
haviour analysis. 

Several Communications (C.12, by Messrs. Prisu 
and Constantinescu, C.20 by Mr. Tonini, C.17 by 
Messrs. Rocha and Serafim) could have been classi- 
fied under this heading (), 
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(c) Results of Observations, Comparisons of Ob- 
served Stresses and Deformation with Computa- 
tions and Tests on Small Models. 

Papers to be summarised under this heading 
deal with all types of dams (gravity dams, arch dams, 
buttress dams, earth and rockfill dams) and include 
movements and displacements of the dam founda- 
tions and dam crown, opening of the joints, cracking 
of concrete, uplift pressure, temperature stresses, etc. 
Several of the papers mentioned under (a) and (b) 
should be mentioned here again. 

A whole treatise could be written on dam_be- 
haviour with the information contained in the re- 
ports on this section, starting with the description of 
the movements of dam foundations (R.80 by Messrs. 
Ferry and Willm on the La Girotte dam, or R.78 by 
Prof. Tonini, on the Pieve di Cadore dam) on the 
theory of dam displacements and their estimate (by 
Prof. Tonini, same report R.78), and including the 
detailed analysis of an extremely thin arch dam 
(R.103 by Bellier and contributors on the Gage dam) 
or comparative measurements on the deflections of 
two similar arch dams (R.133. by Rousselier and Ter- 
rassa), and a similar paper (R.45) by Prof. Oberti, 
the comparison of calculation and measured data for 
Cabril dam (R.39, by Xeres and Lamas), and other 
Portuguese dams (R.36, by Rocha and Serafim), 
Japanese arch dams (R.24 by Tashiro and Kimi- 
shima), or Italian arch dams (R.67—68 by Marcello on 
Santa Giustina) or buttress dams (R.43 by Keefe). 
Special attention is devoted in many reports to tem- 
perature stresses in dams, to temperature cracking in 
mass concrete (R.93 by Waugh), and construction 
procedure (R.59 by Babuska). Uplift in earthfill and 
rockfill dams, pore pressure in earth dams (R.53 by 
Rao and Wadhwa on Hirakud dam) are the subject 
of other important reports. 

Mr. N. A. Preobrazhensky (U.S.S.R.) covers some 
new ground in his report R.110 on “ Laboratory and 
Field Investigations of Flow Pressure Pulsation and 
Vibration of Large Dams.” 


Question 22. Compaction Methods and Moisture 
Content for Materials Used in the Construction of 
Earth Core and Supporting Fill for Earth and 
Rockfill Dams. (General Reporter: E. E. Nonveil- 
ler, Yugoslavia.) 

A total of 22 individual reports from 13 countries 
was submitted to the Conference on this question. 
Great Britain and the United States of America sent 
four reports each and France three. 

Mr. Roberts (Great Britain) R.6, describes the 
Quoich rockfill dam (River Garry scheme in Inver- 
ness-shire), 126 ft. high (38 m.). The question of an 
upstream membrane compared with a rigid centre 
corewall was considered. The adoption of a corewall 
would have required a considerably larger amount 
of fill. Since the dam is in a zone of seismic activity, 
it was felt that a flexible membrane with joints be- 
tween cut-off and membrane and horizontal and in- 
clined joints could resist seismic shock better than 
the base of a corewall. (Glacial moraine was not to be 
found in the area). The final design adopted a con- 
solidated rockfill dam with inclined reinforced-con- 
crete membrane. Mr. Dixon’s paper (R.10) is on the 
Sasumua dam in Kenya. (See also Proceedings of the 
Institution of Civil Engineers, April 1958.) This is an 
earthfill dam with rock toes, 8,000 ft. above sea level, 
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near Nairobi. The geological formations are volcanic, 
and residual clay derived therefrom was used for the 
filling. The Proctor maximum dry density is only 70 
lb. per cu. ft. at 50° optimum moisture content and 
the natural moisture content in the borrow pits was 
well above the optimum. It was found that 20% of 
the moisture determined by standard laboratory pro- 
cedures was inert water contained within the voids of 
spongelike aggregates and did not influence the mech- 
anical properties of the soil. The author describes in 
detail the technique used to “ cultivate ” the borrow- 
pit surface, about 6 acres of which were skimmed 
each day to a depth of only 4 in. and transported to 
the dam. Among other British contributors we men- 
tion the names of Mr. A. L. Little (R.42) who stresses 
the importance of pore-pressure measurements, and 
Mr. Scott, who deals with the problems arising when 
the available soil consists entirely of silty clay of low 
permeability. For such a case the design of the up- 
stream counterfill is sensitive to assumptions about 
the shear strength of the clay under various construc- 
tional and operational conditions. The Hirfanli dam 
in Turkey mentioned by Noyan and Acatay (in their 
interesting report R.22) is built by an English group. 

Messrs. W. E. Collins and Davis (R.94) describe 
the techniques devised by the Bureau of Reclama- 
tion for checking whether the construction fulfils the 
specification. Some of these requirements can be 
measured by laboratory tests, others require judg- 
ment and construction experience. Mr. Bennett (R.95) 
and Messrs. Turnbull and Shockley (R.96) discuss 
problems encountered by the U.S. Army Engineers 
and their experimental station at Vicksbury (Miss.). 

Messrs. Maigre and Barge (R.132), from France, 
discuss the compaction of materials for the construc- 
tion of the watertight core of Serre Pongon dam on 
the Durance. This 130 m. high dam will require 
2,000,000 cu. m. of impervious material and 
12,009,000 cu. m. of mainly pervious alluvium from 
the Durance. Because of the varying characteristics 
of the foundations of the core and of the steepness of 
the rock banks, a core compacted beyond the opti- 
mum water content had to be obtained. The imper- 
vious materials are being taken from a borrow zone 
situated just upstream from the embankment. 

Other reports are by Bernell (R.117, Sweden), 
Rocha and contributors (R.41, Portugal), Wadhwa 
(R.54, India), Kawakami (R.28, Japan), Treiber (R.8, 
Germany, on the Rosshaupten dam), Salva (Algiers) 
and Mencl (Czechoslovakia). 

Messrs. T. Abu-Wafa and Said (R.138, Egypt) de- 
scribe research work on the High Aswan dam (Sadd 
el Aali dam). This should partly consist of dune sand- 
fill placed under water, It has been proposed to use 
internal vibrators for the compaction of this fill, and 
the effectiveness of this operation was studied on a 
test field. The test field consisted of a 14 m. thick 
dune sandfill supported on the four sides by embank- 
ments, and was divided in three sections which were 
compacted by inserting the vibrator once on every 
2-8, 5:7 and 4-6 sq. m. In these sections the average 
penetration resistance measured by the Dutch pene- 
trometer, amounted tO pinax. = 60 kg. per sq. cm. for 
the uncompacted fill and to 323, 200 and 270 kg. per 
sq. cm. respectively after vibration. A comparison 
with compaction by blast shots is anticipated. 

The general reporter, Mr. Ervin E. Nonveiller, 
Yugoslavia, has not dealt with each report separately 
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but has divided his report into chapters. He adds to 
his comments a great deal of up-to-date information, 
partly from the Zurich Congress on Soil Mechanics. 
His report reads as an abbreviated modern treatise on 
dam compaction. The 22 reports and the general re- 
port represent a considerable and successful effort on 
modern dam design, construction technique and lab- 
oratory work. 


Question 23. Use of Admixtures and Pozzolanic 
Materials in Concrete for Dams and the Influence 
of the Finer Sand Particles. (General Reporter: Mr. 
K. Friis, Norway.) 

Twenty-eight reports and one communication from 
the Sub-Committee on Concrete, No. C.24 (two 
papers) were submitted; most of them deal with all 
three questions, which makes a division into groups 
difficult. Dealing with the influence of fine aggregate, 
Mr. W. T. Marshall (Great Britain, R.1) concludes: 
“When using fly-ash concrete, care should be taken 
to avoid fine particles, and a combined grading giving 
a surface area not greater than 30 sq. cm. per gram 
should be the aim. The conclusions of R.16 (Austria) 
and R.46 (Italy) are similar. The Austrian specialists, 
Messrs. BGhmer and Wogrin, write that the elimina- 
tion of particles smaller than 0:09 mm. or 0:06 mm. 
improved the workability of the concrete, increased 
the effect of air-entraining agents, reduced the ten- 
dency to segregation, and made feasible a decisive 
reduction of the cement content. 

Messrs. Finzi, Gentile and Scalabrini (R.46) con- 
clude, similarly that elimination of the finest sand 
particles (less than 0:06-0-1 mm.) produces a de- 
cidedly beneficial effect upon the concrete’s work- 
ability, frost resistance, compressive strength, and im- 
permeability. 

Messrs. MacDonald and Allen (Great Britain), 
R.11, commenting on their experience at Lednock 
dam, estimate that the fly ash (20% replacement of 
cement) which has been incorporated in the concrete 
results in a saving of 4%, of the cost of ordinary Port- 
land concrete. Messrs. Clark and Thornton (Great 
Britain), R.19, using dry powder from wet-ground 
blast-furnace slag, report that this resulted in cheaper 
concrete. Mr. Morgan (Great Britain), R.12, dis- 
cusses some advantages and economies obtained by 
the inclusion in concrete of fly ash. Concerning the 
disputed question of the carbon contents of the ash, 
he writes that it is not necessary for this to be low 
providing other characteristics, such as fineness and 
silica/alumina balance are good. 

Several very comprehensive reports were submitted. 
R.16 by Béhmer and Wogrin (Austria) deals com- 
prehensively with the experience of the Tauernkraft- 
werke A.G. at their Kaprun research station. Their 
conclusions are: (a) If 3-4% of air voids were en- 
trained into the concrete, the amount of water neces- 
sary was reduced, the resistance to frost increased 
and the impermeability improved. The strength was 
affected favourably but in one case unfavourably. 
(b) In all cases the admixture of trass impaired work- 
ability, and resistance to frost deteriorated. 

The Japanese delegation submitted four reports 
dealing with the influence of the fine sand particles 
(Messrs. Takano and Toki, R.27); of fly ash (Mizu- 
koshi, R.29) and of various mineral fines (Yamazaki, 
R.30). Mr. Seki (R.31) submits a new formula about 
freezable water. Three comprehensive reports were 
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presented by the American delegation (Messrs. Dex- 
heimer (R.97), Lerch (R.98) and Kennedy (R.120) 
summarising the vast experience of the Bureau of 
Reclamation). 

Mr. Orth, from the Albertville Laboratory (France) 
R.131, writes on “Selection and Checking of Plastic 
and Air-entraining Admixtures.” The Laboratory’s 
effort has resulted in a new method for selecting and 
checking admixtures. A limited number of admixtures 
were discovered which are highly interesting both from 
the point of view of protection from frost and from 
that of the preservation of concrete strength. Other 
admixtures were found to be of little value or even 
detrimental. Mr. Berthier (R.99) warns about free 
lime, which he shows to be a deleterious agent in the 
freezing of concrete. 

Messrs. Duserre (R.87), Fouilloux (R.104) and 
Lafuma (R.107) all deal with the addition of fly ash 
to Portland cement and to pozzolanic-metallurgical 
cements. Mr. Fouilloux, in particular, is emphatic 
about the advantages of two fly ash cements recently 
produced in France, which are completely suitable 
for concrete for large dams. 

R.46 is a report from the Italian Sub-Committee 
on Concrete under the editorship of Prof. Arredi and 
Scalabrini. This compact publication is divided in 
five parts. Part 1. Prof. Cirilli deals with the chemical 
reactions of pozzolans in the pozzolanic cement pro- 
duced in Italy, which has undergone very satisfying 
practical tests. These cements have a good resistance 
to aggressive waters, low hydration head, good mech- 
anical strength, low permeability and good resistance 
to frost. In Part 2, Mr. Pandolfi has collected all avail- 
able information from 33 Italian dams. Part 3, the 
report by Messrs. Finzi, Gentile and Scalabrini, has 
been mentioned earlier. Messrs. Crepaz and Semenza 
(Part 4) deal with the action of plasticising and air- 
entraining admixtures on cement hydration, and Mr. 
Lotti (Part 5) reports on the specification for accept- 
ance and use of the aerating and plasticiser additive 
products. The author remarks that the silence of the 
producers on the chemical composition of these dif- 
ferent products supports the existing perplexity. He 
favours rigorous control and specifications which 
simply do not exist at the present time. (See also 
Report R.131 by Mr. Orth). 

The General Reporter’s concluding remarks (Mr. 
Kristen Friis, Norway) are as follow: 

(a) It is a prevailing opinion that air-entraining 
agents should be used in the construction of dams, 
to give a better frost resistance, better workability 
and lower water/cement ratio. Chemical analysis 
should always be made before use in large dams. 

(b) Most of the experiments made with fly-ash and 
pozzolans establish the following facts: Better work- 
ability, better frost resistance, lower heat evolution, 
decrease in shrinkage, and drop of the compressive 
strength after 28 days, which levels out to normal 
after 90 days. 

(c) Influence of finer sand particles. This last ques- 
tion is very complicated, as the quality of the con- 
crete depends not only on the grading of the finer 
particles, but also on specific surface, shape and the 
type of rock used. 


Communications 


It is well known that papers of great technical in- 
terest are sometimes classified under “Communica- 
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tions,” even when their subject may have allowed 
them to be put in the list of ordinary reports. 

The Japanese delegation have concentrated on 
several problems of interest. The paper presented by 
Messrs. J. Mura and R. Ida (C.1) is on “Experimental 
Study on Nagouro dam.” Model tests were carried out 
on a rubber model (scale 1/200), and on a photo- 
elastic model (scale 1/500) which was placed for two 
to three hours in the loaded state in an electric furnace 
and cooled off to freeze the stresses. There were some 
slight differences between both models which have 
to be analysed carefully when comparing both series 
of results. 

The analysis of the dam stresses was carried out 
with the trial-load method. The conclusions obtained 
are summarised as follow: 

|. The deformation of the foundation rock has sig- 
nificant influence on arch stresses as well as cantilever 
stresses. 

2. The absolute values of the calculated stresses 
are generally greater than those obtained by experi- 
ment and this tendency is found to be greater in the 
lower part of the dam. 

3. The disagreement of calculated and experimental 
values is particularly significant in thick arches (large 
t/P ym, Tatio). 

A very similar enquiry—with similar conclusions— 
is described by Y. Niwa and C. Mori (C.3) on a study 
of a gravity dam. 

Mr. J. de Arespacochaga (Spain) favours experi- 
mental tests on medium-sized models (1/5 to 1/20). 
(Paper C.21.) 

The title of Messrs. Hatanaka, Niwa and Samu- 
kawa’s paper (C.4) is “Researches on Vibration 
Characteristics of Hollow Gravity Dams.” This paper 
is the one additional important contribution to a sub- 
ject on which Japanese scientists have specialised for 
many years. Quoting the introductory paragraph of 
the paper, which reads: “It is widely known that the 
hollow gravity dam has no small advantage over the 
gravity dam; in countries like ours, however, where 
violent earthquakes are often experienced, it is impor- 
tant to examine the stability of the former from the 
viewpoint of earthquake resistance.” 

When the dam (represented by a rubber model at 
the scale 1/200) is given the vibrating force in the 
direction of the stream (on a shaking table), the vibra- 
tion characteristics of each structural element are 
remarkably reflected. Therefore, the vibration of 
single elements has to be considered. The seismic 
coefficient (ratio of seismic intensity to gravity) has a 
triangular distribution with its crest at the dam base. 

When the dam is given a vibrating force in the 
direction of the axis, the conditions are quite compli- 
cated and it is necessary to treat the problem as one 
of coupled oscillations. The stress condition in the 
case of a T section shows far higher stresses than the 
case of an I section. 

The deformations of the Bin-el-Ouidane dam 
(Morocco) (prototype) are described by Mr. M. Jaeger 
(C.5). Fig. 6 of this report shows that the displace- 
ments of the right abutment are small. as expected 
from purely elastic deformation of the rock, whereas 
on the left-hand side deformations up to 20 mm. have 
been measured. The information obtained through 
Strainmeters shows that the stresses are moderate, 
and that the facings remain without fissures. Paper 
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C.14 describes observations on the Isolato dam, and 
its behaviour was found to be normal (Edison Group, 
Milan). 

In a paper (C.11) on the Picote arch dam in Portu- 
gal, Mr. A. Alvares Ribeiro shows that the artificiai 
cooling of the dam follows the pattern of the estimated 
values. The bases upon which the cooling estimate 
was made are summarised in the paper. 

Messrs. M. Rocha and J. Laginha Serafim (Portu- 
gal, C.17) discuss the “Determination of Thermal 
Stresses in Arch Dams by Means of Models.” Two 
systems of imposing temperature cycles were foreseen: 
one using oil baths heated and cooled by water cir- 
culating in coils immersed in them and the other by 
radiant heating and air cooling of the models. Materi- 
als with best characteristics for the purpose are 
mortar, perspex and bronze. Common electrical strain 
gauges have been used. 

Paper C.16, by Messrs. J. G. Ribes and P. Boutin 
(Algeria), should have been classified under Question 
20, as it deals with the heightening of the well-known 
Beni-Bahdel dam. This dam is a multiple-arch dam 
founded on alternate layers of sandstones and schis- 
tose, marls. This structure had afterwards to be raised 
by 7:25 m. to create additional storage for water 
supply to Oran. Two alternative projects were con- 
sidered, but the one chosen was a prestressing process. 

The buttresses are raised by 7:25 m. without modi- 
fication of their downstream section, the additional 
concrete triangle added at the top of the buttress 
being anchored upstream, in the groove of arches, by 
hardsteel tension bars. To secure the stability of the 
buttresses, they are balanced at the toe by means of 
“active joints” equipped with flat circular screw jacks. 
To avoid any transversal sliding, the buttress founda- 
tions are strutted by side reinforcements (also pro- 
vided with “active joints”). 

Descriptions of several Italian dams are classified 
under “Communications.” Let us mention the des- 
cription of the Reno di Lei double-curvature arch 
dam by Mr. C. Marcello (Edison, Milan, paper C.13) 
and the Vaiont dam, the highest arch dam under 
construction, by C. Semenza, Biadene and Cancini, 
of the SADE (Venice). 

For those inclined to consider the arch-dam prob- 
lem from the mathematical angle, two important 
papers may be mentioned at the end of this section. 

Prof. D. Tonini (C.20), the well-known head of the 
“Study Department” of the Societa Adriatica di 
Elettricita (Venice), deals with a more systematic 
approach to the trial-load method. A trial calculation 
for establishing the congruence between deflections 
of the horizontal sections (arches) and vertical sec- 
tions (cantilevers) as normally applied by the U.S.B.R. 
needs a highly-trained and specialised personnel. This 
is not often available to lesser organisations. The 
SADE has established a method reaching the congru- 
ence by analytical means. It is well known that at any 
“node” (intersection points of a “vertical cantilever” 
and a “horizontal arch’) two equations can be writ- 
ten: one of deformations (congruence equation), the 
other related to loads (in the radial, the tangential 
direction, etc.). Finally, a system of equations with a 
great number of unknown quantities and known 
parameters has to be solved. For analysing the well- 
known Pieve di Cadore dam (radial deformations 
only) a system of 89 equations with 87 unknowns was 
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solved by the “Instituto Nazionale per le Applica- 
zioni del Calcolo” (Roma). 

The approach by Messrs. Priscu and Constantinescu 
(Rumania) is quite different. They follow the line of 
thought established by M. Ritter, and later, J. Lom- 
bardi (both of Zurich) on one side, and by W. Fliigge 
and A. E. H. Love (U.S.A.) on the other, who con- 
sider the dam as a thin shell. The authors transform 
the differential equations of shells (of Lombardi) in 
equations with finite differences. For a 63 m. high 
dam, the system consists of 49 equations with 49 
unknowns. 


Discussion 

Discussion on Question 20. Mr. Banks (Great Bri- 
tain), who has direct experience of dam heightening 
methods when designing and building the Allt-na- 
Lairige dam in Scotland, estimated that prestressing 
methods, similar to those he has used, allow compara- 
tive savings of 15-50% or more on constructional 
designs. He considered the prestressing to be a per- 
manent measure and not just an occasional remedy. 
At Allt-na-Lairige the stresses in the anchorage bars 
were checked 24 hours after prestressing. They were 
again checked after two years. No change in the 
stresses in bars was detected. He considered that 
stage-by-stage raising of prestressed dams may be 
possible. 

Mr. Louis J. Puls (Bureau of Reclamation, U.S.A.) 
stresses the importance of dam heightening in the 
near future. More storage capacity may be required 
for power or irrigation or alternatively for compensat- 
ing storage lost by sediment deposit. Considering the 
problem of heightening gravity dams, by adding mass 
concrete on the downstream face, he says this requires 
(a) adequate bonding between new and old concrete, 
(b) suitable temperature gradient, (c) permanent drain- 
age. 

Mr. P. I. Parker, discussing prestressing methods, 
says the conditions for success are: unyielding anchor- 
ages, no relaxation of tension in the bars or cables, 
no corrosion of steel. 

Prof. J. Oberti (Italy) thinks that arch dams, and 
especially cupola-arch dams, offer more favourable 
characteristics for heightening than gravity dams. 
Prof. Becerril (Spain) comments on the heightening of 
three Spanish dams, including the Salime dam, built 
in two stages, whereas Dr. Rao (India) mentions the 
construction methods used for Bakhra dam. 

Discussion on Question 21. A lively discussion 
started between Portuguese experts (M. Rocha, C. 
Palma, Laginha Serafim) and S. Ferry (French) on 
the advantages and disadvantages of different methods 
of measuring dam displacements, strains and stresses. 
Mr. Rocha emphasised the importance of starting 
observations during the erection period. He thinks the 
methods for strain measurement to be reliable, but 
not the stress measurements. Mr. Palma compares 
topographic and geodetic methods of dam deflection 
measurement and Mr. Laginha Serafim comments on 
his methods of reproducing temperature strains on 
models. The contribution of the U.S.A. was detailed 
by Messrs. Richardson (Bureau of Reclamation) and 
Simonds: whereas Messrs. V. I. Kravzov, A. A. 
Losaberidze and A. A. Nitchiporovitch spoke for the 
U.S.S.R. Mr. S. Ferry (France) explained why he 
does not agree with some of the methods and results 
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obtained by his Portuguese friends. He criticises the 
use they are making of the method of the least squares. 
Mr. Semenza’s (Italy) criticism was on similar lines. 
A second French author, G. Willm, emphasises some 
more recent results obtained with his photogrammet- 
ric method. Mr. Ferry refers to the results he ob- 
tained using various models (rubber, plexiglas) and 
comparing displacements of rock foundations in the 
model and on the prototype. Increased displacements 
were obtained on the prototype which are attributed 
to expansion of the rock fissures, due to water infiltra- 
tion. He compares methods and results obtained in 
France with those in Portugal. 

Mr. T. Nilsson (Sweden) and Mr. A. A. Borovoy 
(U.S.S.R.) agree with a suggestion of the general 
reporter on the necessity of more research work to 
be done on rock mechanics. Mr. T. Nilsson announced 
that a “Sub-committee on Underground Works” has 
been created within the organisation of the Congress 
on Large Dams to advise the Executive Committee 
and co-ordinate work on these most important tech- 
nical problems. 

Mr. Gilg (Electro-Watt, Switzerland) was able to 
report on the latest measurements made at the big 
Mauvoisin dam. Measurements made between May 
and September 1958 show good agreement with cal- 
culations assuming the modulus of elasticity of the 
concrete to be E=300,000 kg. per sq. cm. 

Mr. Marcello (Edison, Milan) reports on measure- 
ments on three Italian dams, compared to model test 
results, and Dr. Rao (India) mentions the work done 
for Hirakud dam. Mr. J. K. Hunter (Great Britain) 
comments on Atiamuri dam on the Waikato River. 
(See discussion on Question 22.) 

Discussion on Question 22. Mr. R. Maigre (France) 
discusses the conditions at the big Serre Pongon 
earthfill dam, where the fill material contains up to 
25 or 30% of fine material smaller than 5 mm. He 
describes the large triaxial testing apparatus that 
French specialists have built for Serre Pongon, with 
the aid of U.S. Army Corps Engineers. Compara- 
tive tests were made with different apparatus, each 
one being characterised by its diameter . It could be 
proved that the shear strength z of the material does 
not depend on ¢ provided D/¢ is a constant, where 
D=maximum diameter of the sand (or sand/gravel) 
mixture being tested, and provided the granulometric 
curve is the same for the different comparative tests. 

Mr. R. C. Price (Bureau of Reclamation, U.S.A.) 
comments on the important paper submitted by Mr. 
Dixon (Great Britain) on his experiences in Kenya. 
The Bureau of Reclamation had similar experiences 
in Puerto Rico with a 220 ft. dam, and 100 inches of 
rainfall between May and December. The alluvium 
to be used contained iron, and particles were unstable, 
showing a great affinity for water. Laboratory tests 
showed that mixture of two soils gave acceptable 
conditions for the fill (density, porosity, plasticity. 
etc.). Moisture of the fill had to be reduced artificially. 
Extra heavy rollers (250 Ib. per sq. in.) had to be used 
(4 to 6 passes). Mr. W. E. Collins (Bureau of Recla- 
mation, U.S.A.) comments on the favourable climatic 
conditions in the north west of the U.S.A.. which 
facilitate the design and construction of earthfill dams. 
Moisture control is very difficult in a wet climate; the 
dam has to be adapted to the climate and the design 
modified if necessary. Selection of the material is the 





455 














key to the problem in wet climates. A new method 
for rapid moisture control has been developed by the 
Bureau of Reclamation. 

Mr. Walters (Great Britain) described a small dam 
in the south west of England (jurassic clay) where the 
pore pressure could be 50% over the normal over- 
burden pressure. In one instance negative pressure 
was observed. Dr. Rao (India) and Mr. Sowers 
(U.S.A.) give additional information on modern tech- 
niques used in their respective countries. Mr. Sowers 
mentions tests with different types of rollers (rubber- 
tyred, sheepsfoot, etc.). A new type of roller with seg- 
mented wheels was found to be three times too light 
for the job. 

Mr. C. M. Roberts (Great Britain) describes tests 
on fill density versus settlement, and the characteris- 
tics of rock fills. Mr. H. Zaky (U.S.S.R.) discusses 
Report 138 from Egypt on soil compaction and men- 
tions compaction of clay by blasting. With 9 m. of 
overburden, pressures up to 66-82 kg. per sq. cm. 
were obtained. By increasing the number of blasts up 
to 6 or 8, 150 kg. per sq. cm. were obtained. Inclined 
cores protected by reinforced-concrete slabs were dis- 
cussed by Mr. B. A. Pishkin (U.S.S.R.). 

Mr. J. K. Hunter (Great Britain) deals with the 
difficult problems of foundations of the Atiamuri 
dam on the Waikato. (See also Discussion on Ques- 
tion 21). In the river bed a dome of rhyolite lies near 
the surface and is used for the foundation of the 
power house. The surface of the rhyolite falls away 
rapidly on either side and part of the concrete founda- 
tion is to rest on fissured breccia. The main problem 
was to estimate differential settlements between both 
foundations (Question 21). The earth-dam founda- 
tions are highly permeable and the second main prob- 
lem (Question 22) was the grouting of pervious strata 
and the design of the impervious core and of a con- 
crete corewall constructed in an open trench below the 
natural water table. 

Mr. Pronsato (Argentine) deals with density mea- 
surements, using Geiger Miiller counters, whereas 
Mr. J. L. Sherard (U.S.A.) compares dry and wet 
compaction. 

Discussion on Question 23. Wide use of pozzolan 
is being made at Bakhra and Nanga! dams in India, 
according to Dr. Rao, who shows slides of a 2 x 10° 
Ib. testing machine, built in a rock excavation. His 
colleague, Mr. Tapra (India). brings the latest figures 
concerning the concreting of Bakhra dam. 

Mr. M. Mary (France) says that tests made in 
Grenoble show that only water percolating in the con- 
crete from the outside causes damage by frost, not 
the pore water. He is therefore opposed to the formula 
suggested by Mr. Seki (Japan). 

Mr. George K. Leonard (Tennessee Valley Au- 
thority, U.S.A.) comments on the different types of 
fly ashes, on specifications and on the results obtained 
by the Authority with fly ashes. He concludes that 
fly-ash concrete should be placed 90 days before 
freezing starts. 

For Mr. Stolnikov (U.S.S.R.), results from frost 
tests valid for milder climates are not necessarily valid 
for the cold Russian climates. When 50 frost cycles 
may be sufficient for European conditions, 150 or 200 
cycles are required in the U.S.S.R. Addition of pozzo- 
lan is admissible in milder climates and in inner 
zones of concrete structures. 
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According to Mr. C. Marcello (Italy) fine sand 
(<0-06 mm.) is usually damaging for concrete subject 
to frost. Mr. Price (U.S.A.) comments on some re- 
search on water-reducing agents carried out by the 
Bureau of Reclamation. 


Other Publications directly related with the Sixth 

Congress 

The Chairman of the French National Committee 
on Large Dams, Monsieur Mary, presented each 
member of the congress with a copy of Travaux, 
August 1958, entirely dedicated to the Sixth Interna- 
tional Congress on Large Dams. 

The American dam designers’ contribution to 
literature in connection with the Sixth Congress is 
massive and of the utmost value. A “Register of Dams 
in the United States,” prepared by Mr. T. W. Mermel 
(Assistant to the Commissioner, Bureau of Reclama- 
tion) brings the essential statistics on over 2,800 im- 
portant dams in the United States. The United States 
Committee on Large Dams (Chairman, Mr. Francis 
S. Friel) has issued a souvenir booklet, “U.S. Dam 
Study Tours,” describing the dams which were visited 
on the three alternative study tours. Each dam is des- 
cribed by the man in charge of its design or construc- 
tion. The Bureau of Reclamation contributed a most 
valuable pamphlet on “Development of Earth Dam 
Design in the Bureau- of Reclamation.” This is to 
some extent a short treatise on earth dams. The evo- 
lution of the dam design practice is studied from 1902 
to 1958, this time gap being divided for the purpose 
of this study into four “periods.” The TVA presents 
the members of the Congress with a detailed descrip- 
tion (plans, drawings, photographs) of “The Twenty 
Major Dams Built by the T.V.A. and Wilson Dam.” 
A second pamphlet is entitled “A River Controlled.” 
The contribution of the American Society of Civil 
Engineers comprises the “Symposium on Arch Dams” 
(Proceedings of the A.S.C.E., Journal of the Power 
Division, September 1957, market price $5-00) and 
the “Symposium on Rockfill Dams” (Proc. A.S.C.E., 
Journal of the Power Division, September 1958, mar- 
ket price $8:00). A considerable wealth of material 
is summarised in these two publications which are to 
be considered as standard sources of information on 
these subjects. The September 11, 1958. issue of 
Engineering News-Record is entitled “World Progress 
Toward Better, Bigger Dams.” 

The Japanese National Committee has presented 
the members with a booklet on “Dams in Japan,” with 
excellent photographic material. 

The Executive Committee of the International 
Congress on Large Dams. met as usual during the 
Congress. Mr. J. F. Rebelo Pinto (Portugal) has been 
elected a new president of the International Committee 
on Large Dams and will preside over the next Con- 
cress in 1961, to be held in Rome, Italy. Mr. Chauvez 
(France) retires as Secretary General of the Interna- 
tional Committee. A new “Sub-committee on Under- 
ground Works” has been established (Chairman, Mr. 
Tore Nilsson, Sweden). This new sub-committee is 
welcomed by many, as the new techniques of under- 
ground work and the theory of rock mechanics are 
now of recognised importance to hydro power. It is 
expected that in 1961, Italy will show to the next Con- 
gress some of their remarkable underground power 
Stations, in addition to their bold arch dams. 
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Friction Losses 





in Swedish Rock Tunnels 


In this article the economic balance is discussed 


between the size of 


tunnel and the friction 


losses in lined and unlined tunnels 


By LENNART RAHM, D.Eng., Stockholm 


process of construction all the world over. 

Modern methods of drilling, blasting, and spoil 
removal have been progressively developed in the 
course of the past fifty years, with the result that the 
time required for tunnel construction has been re- 
duced, and the costs cut down. At the same time, 
new methods of injection and other reinforcing pro- 
cedures have made it possible to excavate tunnels by 
blasting, even through unfavourable rock, and to 
construct them of very much larger dimensions than 
before. 

A large proportion of tunnels nowadays are driven 
as intakes and tailraces of hydro-electric power 
stations. Since the cost of these tunnels in the total 
capital expenditure of a power station is often great, 
and sometimes preponderant, the design of the 
tunnels is extremely important. In this connection, it 
is of special interest to determine that combination 
of the cross-sectional area and the surface roughness 
of the tunnel which results in an engineering and 
economic optimum. 

As a rule, the rocks met with in Sweden are highly 
resistant and generally favourable, so that tunnels 
can be excavated by blasting without necessitating any 
extensive stabilising, solidifying, or other reinforcing 
operations. Almost all rock tunnels in Sweden have 
therefore been constructed without linings, and have 
been provided with reinforcements only in brecciated 
sections, or the like, which have jeopardised the 
strength of rock. 

In a previous publication (see References | and 2), 
the author has investigated the relation between the 
discharge and the friction loss in a number of such 
tunnels. These tunnels have been selected in such a 
way that it was not necessary to reckon with any 
substantial disturbing effects due to concrete linings. 
In spite of the fact that these tunnels exhibited wide 
variations in geological conditions as well as in the 
working methods used for excavation, the investiga- 
tion included a special study made in order to find out 
whether there existed any correlation between the 
friction characteristics Of the tunnel and that variation 
in the cross-sectional area attributable to the non- 
uniform amount of overbreak obtained in blasting. 
It seemed that such a correlation was actually to be 
observed. The purpose of the present article is to 
supplement previous data on this subject with the 
results of some new measurements. Furthermore, 
this article also presents results obtained in tunnels 
where the proportion of reinforcing concrete lining 


A' the present time, many large tunnels are in 
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is so large that it produces a considerable effect on 
the friction losses in the tunnel. 


Description of Tunnels Subjected to Investigation 

In order that an investigation of this kind, which 
deals with friction losses, may give results which are 
as unambiguous as possible, it must be carried out in 
tunnels which comply with certain definite require- 
ments. Thus, the tunnel shall be carefully sectionalised 
throughout its length, so as to make it possible to 
determine the actual cross-sectional area and the 
corresponding hydraulic radius. Moreover, the cross- 
sectional area and its shape, as well as the roughness of 
the internal rock surfaces, shall be uniform throughout 
the length of the tunnel, so that it may be regarded 
as a unity from a hydraulic point of view. For the 
last-mentioned reasons, it is obvious that the tunnel 
should preferably contain no reinforcement whatever. 
It is advantageous if the tunnel is straight or has large 
radii of curvature, so that the corrections for bends 
are small in comparison with the total loss of head. 

Furthermore, the test tunnels were selected so as 
to prefer those which were completely filled with water 
at all discharges met with during the tests. This was 
done in order to ensure geometrical uniformity. 

There are few tunnels which entirely comply with 
these requirements; moreover, for practical reasons, 
the points of observation must frequently be located 
outside the uniform cross section. In order that the 
errors due to this cause might be eliminated in a 
satisfactory manner, and, quite generally, with a view 
to ensuring the highest possible accuracy in measure- 
ments, only relatively long tunnels have been included 
in this investigation. 

Data on the tunnels selected for the present investi- 
gation on the basis of these requirements stated are 
given in Table I. 

The cross-sectional areas of the tunnels vary within 
a comparatively wide range, which extends from 7 to 
slightly above 200 sq. m. The amount of overbreak, 
which is expressed in per cent of the design area of the 
tunnel, varies greatly from one tunnel to another. 
These variations are in part due to different rock 
characteristics, but may also partly be attributed to 
dissimilarities between the methods of excavation and 
to intentional deviations from the design area. The 
average thickness of the overbreak is greatest (0-36 m) 
for the roof and the walls of the tunnel, whereas it 
amounts to 0-16 m for the floor. 

The shape of the tunnel cross section varies a great 
deal, but a horseshoe shape, i.e. a cross section having 
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rounded walls, a relatively horizontal roof, and 
rounded corners, is considered to be the best adapted 
to the methods of tunnel construction and to give 
rise to moderate internal stresses in rock. 

The hydraulic radius R has varied within limits 
from 0-266 4A to 0-227 1A, where A is the average 
area. Consequently, it seems that sufficient accuracy 
in approximate calculations can be obtained if we put 

R =0:27 VA oan 

Two of the tunnels covered by this investigation, viz. 
the tunnels at the Dénje and Nissastrém_ hydro- 
electric stations, are provided with thick reinforcing 
arches, which extend over a considerable part of the 
tunnel length. Nevertheless, these tunnels have been 
included in the investigation, and the measurements 
made in them may indicate the effect produced by 
such arches on energy losses. It is furthermore to be 
noted that the tunnel of the Blasjén hydro-electric 
station is equipped with an asphalted floorway, and 
must therefore be dealt with separately. 


Water Level and Discharge Measurements 

The losses of head were determined by measuring 
the difference in water level between the upstream and 
downstream ends of the test stretches in the tunnels. 
Wherever possible, these measurements were made 
within a straight stretch, where the cross-sectional area 
of the tunnel, and hence the velocity of the water, were 
practically constant. As the water levels were deter- 
mined, the corresponding discharges were measured, 
and the regulating devices were set in such a manner 
that the quantity of water admitted to the turbine was 
maintained constant during each test which, as a rule, 
lasted for at least 30 min. When the discharge was 


further measurements were made until the surge died 
away. 

As a rule, the interval between an alteration in 
the setting of the regulating devices and the beginning 
of a new period of observation was never allowed to be 
shorter than 30 min. In the tunnel of the Harspranget 
Station, it was not possible for practical reasons to 
place the water gauges correctly from a hydraulic 
point of view, and the place of observation had to be 
located in a curve at the upstream end as well as at the 
downstream end. Furthermore, there was a free water 
surface in a part of the tunnel at the time when the 
measurements were carried out. Accordingly, correc- 
tions (by no means negligible in the case of this tunnel) 
had to be estimated and applied to the observed 
values. 

The water levels were usually determined by fixed 
scales, and the readings during the whole period of 
observation were taken at time intervals which were as 
short as possible, usually 15 or 30 sec. In some cases, 
the water levels were determined by the aid of self- 
recording water gauges. In these cases, owing to the 
design of the gauges, the actual fluctuations in water 
level were slightly damped. 

The mean water level for each observation period 
was found from the curves thus obtained. This mean 
water level, which consequently corresponds to a 
Steady state, was usually determined with an accuracy 
of | to 2 cm. 

The discharges were ordinarily determined by means 
of current meters mounted on a movable frame, and 
placed either in a temporary bellmouth specially 
erected for the turbine tests or in a recess on a straight 
reach of the tunnel. The mean velocity of water flow 
at each point of observation was calculated, and the 





changed from one test to another, this was done 
smoothly so that the resulting surge might be reduced discharge was then determined by _— graphical 
to a minimum. After each change in discharge, no integration. 
TaBLe I. DATA ON TUNNELS UNDER TEST 
Design Actual Overbreak Hydraulic 
Length Cross- Cross- in Per Cent Radius 
Tunnel of sectional sectional of Design of Average Type of Rock Lining 
Tunnel Area Area Cross-sectional Cross Section 
I Aa / Area 
m m? m? yA m 
Alfta (A) 3025 30 338 12-7 1-54 Granite-gneiss Negligible 
Blasjén, (B) 5620 54 57-1 2-04 Gneiss-mica- Bottom asphalted 
headrace schist throughout the 
tunnel 
Dénje (D) 4700 125 141-3 13-0 3-21 Gneiss Concrete lining, 
370m in total length 
disturbing the flow 
Harspranget (H) 2430 190 204-0 7:4 3-85 Granite Negligible 
Jirpstr6mmen (J) 4520 105 114-3 98 2:88 Upper Silurian Negligible 
slate horizontal- 
ly stratified 
Krokstr6mmen (K) 2196 90 101-6 12-9 2:72 Granite, with Negligible 
large amount of 
felspar 
Nissastr6m (N) 1465 30 36°6 22-0 1:63 Granite-gneiss 20% of the tunne 
length lined with 
concrete arches dis- 
turbing the flow 
Porjus I (P,) 1194 50 57- 14:8 2-09 Granite-gneiss Negligible 
Porjus II (P,) 1032 50 61-5 23-0 2:16 Granite-gneiss Negligible 
Selsfors (Se) 629 70 80-5 15-0 2-42 Black slate with 
granite intru- 
sions 
Sillre (Si) 1829 5 6-6 32-0 0:71 Vein gneiss Negligible 
Sunnerstaholm (Su) 330 30 35-9 19-7 1-62 Granite-gneiss Unimportant 
Tasan, (T) 6698 17 17-2 1-2 1-12 Gneiss Unimportant 
headrace 
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Figs. 1-3. Relationship between observed difference in water level and discharge. Fig. 1 (left) Blasjon tunnel; 
Fig. 2 (centre) Nissastrém tunnel; Fig. 3 (right) Tdsan tunnel 


In those tunnels where the use of current meters 
was rendered impossible by practical obstacles, the 
discharge was calculated from the generator output 
on the basis of the turbine and generator efficiencies 
which had been determined in earlier tests. 

The associated observed values of the loss of head 
and the discharge were plotted for each tunnel in 
diagrams of the type exemplified in Figs. 1 to 3. 


Relation between Friction Loss and Discharge 

For all tunnels included in this investigation, with 
the exception of the tunnel at the Harspranget hydro- 
electric station, in which, as already mentioned, it was 
not possible to locate the water gauges correctly 
from a hydraulic point of view, the measurements 
resulted in relations which showed that the loss of 
head is proportional to the square of the discharge. 
This implies that all observations, which correspond 
to all discharge values met with in practical operation 
of hydro-electric stations, are comprised within the 
region of full turbulence. 

Hence it follows that the complications which 
occur in the flow in the transition between hydrauli- 


cally smooth and rough surfaces, and which are 
usually observed, for instance, in thick steel pipes, are 
not to be expected in unlined tunnels. 

The fact that the loss of head in the test tunnels 
has been found to be independent of the variations 
in the Reynolds number Re was also to be expected, 
since the minimum value of this number in the differ- 
ent tunnels varied within the limits from 0-5 x 10® to 
10’. The corresponding minimum velocities of water 
flow varied from 0-17 to 0-70 m per sec. 

In most of the test tunnels, the hydraulic conditions 
were so favourable that the effects of bends and other 
disturbances were of little importance. The expressions 
for the friction head reproduced in Table II, column 2, 
were therefore obtained, after some minor corrections, 
from the directly observed values of the loss of head 
as given by the difference in water level. For the reasons 
already given, the Harspranget tunnel was the only 
exception in this respect. 

For straight pipes, d’Aubuisson de Voisins recom- 
mended, as early as 1834, the general friction formula 


‘fs (2) 


hy ! +4" ep 


TABLE II. FRICTION COEFFICIENT AND ROUGHNESS OF TUNNELS UNDER TEST 





Friction Head 


Friction 


Relative M 








Actual Actual for unlined Coefficient of Relative Sand Variation in’ in Manning's 
Tunnel Friction — Friction Tunnel Unlined Tunnel Sand Roughness Cross-sectional Formula, 
Head Co- (Calculated) (Calculated) | Roughness Area Unlined 
efficient 
hy f hfcat i k;/R Ks 8 

m.10-* m.10-* m ys M 
Alfta 1880q? 0-086 — — 0-294 | 0-45 29 28:1 
Blasjon 500g? = (0-047) 6904? 0-064 0-157(0-074) | 0-32(0-15) 31 31-1 
D6nje 66g? (0-700) 48q" 0-051 0-091(0-192) 0-29(0-62) 18 32:3 
Harspranget 10g? 0-052 ~ - 0-095 0:37 24 31-2 
Jarpstrommen 73? 0-048 ~- 0-098 0-22 20 34-0 
Krokstr6mmen 48q? 0°048 — _ 0-078 0-21 17 34:2 
Nissastr6m 860g? (0-101) Not possible — (0-397) (0-65) 28 — 

to calculate 

Porjus I 161q? 0:073 ~ - 0-210 0:44 27 29-0 
Porjus II 89q? 0-055 — 0-110 0:24 19 33-2 
Selsfors 58q? 0-114 - 0-491 1-19 39 22:7 
Sillre 77000q? 0-102 0-404 0-29 37 29-4 
Sunnerstaholm 210g? 0-104 - ~ 0-418 0-68 37 25-4 
Tasan 20800g? 0-081 ~ —~ 0-260 0-29 33 30-5 
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Fig. 4. “Nikuradse’s harp.” Results of Nikuradse’s tests on “smooth” pipes and on artificially roughened, 





sand-lined pipes. Results from tunnels are indicated on the chart 


In the case of highly turbulent flow in rough-walled 
pipes, Prandtl (1933) found for the coefficient of 
friction in the above formula the relation 

3-72d 


§ 


..(3) 





f = 2log 


where ks = the equivalent sand roughness. 

Table II gives the observed values of the coefficient 
of friction /, column 3, the sand roughness ks, column 7 
and the relative sand roughness, which is defined as 
k/R in this case, column 6. 

As has been mentioned, three of the tunnels under 
test, viz., Blasjon, Dénje, and Nissastrém, are hy- 
draulically influenced by linings or reinforcements. 
For these three tunnels, the values given in columns 
3, 6, and 7 are enclosed in round brackets, and the 
following estimates have been formed on the basis of 
the conditions corresponding to those met with in the 
other tunnels. 

For the Blasjén tunnel, the value of f for the 
asphalted floor has been assumed to be 0-012. The 
corresponding value of ks is about | mm. After that, 
the relationship was calculated between the friction 
loss and the discharge which would then apply to the 
Blasjén tunnel, supposed to be unlined (see Table II, 
column 4), and the corresponding values of f, ks/R, 
and ks were also computed. 

The rock reinforcements in the Dénje tunnel are 
designed in such a manner that the reinforced portions 
are closely similar to concrete culverts, the cross- 
sectional area of which is on an average 9°, smaller 
than the mean cross-sectional area of the tunnel. 
Although the aggregate length of these sections is not 
greater than 7-5°, of the total length of the tunnel, 
they cause repeated acceleration and retardation of 
the water flow and give rise to losses. In estimating 
the loss of head corresponding to an unlined tunnel, 
the expression for /Ay,,, in Table If has been corrected 
for each reinforced portion of the tunnel. This 
correction corresponded to 0:5 or 1-0 times the 
difference in velocity head due, respectively, to a 
transition to a smaller or larger cross section. The 
sums of the changes in friction loss produced by 
the deviations of the actual surface structure from that 
of the rock surface and by the increase in the velocity 
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of flow were found to be so small that they were dis- 
regarded. Accordingly, just as in the case of the 
Blasj6n tunnel, the values that are not enclosed in 
round brackets may be supposed to correspond 
approximately to the conditions met with in an unlined 
non-reinforced tunnel. 

The reinforcements in the Nissastrém tunnel con- 
sist in the main of concrete portals, which extend 
inwards to the design cross-sectional area (30 sq. m.). 
The thickness of these portals in the direction of 
water flow is 1-5 m, and the centre-to-centre distance 
between the portals is 5-0m. The length of tunnel 
provided with concrete portals is equal to 20% of 
the total length of the tunnel. 

Surface irregularities of this type have been in- 
vestigated in laboratory tests by several research 
workers, e.g. Schlichting and Wieghardt (see Refer- 
ences 3 and 4). The results of their investigations have 
shown that the loss of energy head due to a given type 
of surface irregularity is subject to wide variations, 
and exhibits a marked maximum which corresponds 
to a certain definite spacing of the surface irregularities. 
It is obvious, moreover, that the loss of energy head 
also varies with the shape of the surface irregularity. 
Hence it follows that it was not possible to form any 
quantitative estimates of the effects of the concrete 
portals on the loss of energy head in the Nissastr6m 
tunnel without making extensive model tests. There- 
fore, no values corresponding to an unreinforced 
tunnel are given for this tunnel in Table II. 

It is seen from Table II that the coefficient of fric- 
tion varies within wide limits from one tunnel to 
another. The range of variation extends from less 
than 0-05 to more than 0-11. The corresponding 
variation in ks is comprised within the limits 0-2 to 
1-2 m, while Manning’s coefficient of friction varies 
from 23 to 34. Fig. 4 represents the observed values 
plotted in a diagram which illustrates Nikuradse’s 
tests. 

It is thus evident that the combined effects of the 
properties of rocks and the methods of excavation 
used in tunnel construction cause great variations in 
the roughness of tunnels, and obviously have a con- 
siderable influence on the friction losses in tunnels. 
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Roughness of Tunnels Expressed in Terms of Variation 
in Cross-Sectional Area of Tunnel 

It may be presumed that practical tunnel construc- 
tors scarcely regard the coefficient of friction as well 
as the sand roughness as tangible quantities expressing 
the roughness of the tunnel, and to select representa- 
tive tunnel surfaces in order to define expressions for 
the roughness of the rock by means of stereometric 
methods is a procedure that seems to be much too 
subjective and arbitrary. Furthermore, such a pro- 
cedure would not have been practically applicable 
to many of the tunnels dealt with in the present 
investigation, because they had been put into service 
many years before and are not accessible to inspection 
and measurements at a reasonable cost. The author 
has therefore tried to find some correlation between 
the values obtained from the friction-head measure- 
ments and some of the data that are normally available 
for most tunnels. In this connection, it appeared 
natural to study the variation in the cross-sectional 
area along the tunnel, which is usually sectionalised 
approximately every 5m. The method which was 
used for this purpose is described in the succeeding 
paragraphs 

The cross-sectional areas are arranged in a series 
according to their order of magnitude, and are then 
plotted in an ordinary normal-distribution logarith- 
mic diagram (see Figs. 5 to 8). The points obtained in 
this manner are connected by a curve, which is re- 
placed by a straight line approximating to the curve 
as closely as possible, and passing through the 
point which corresponds to the mean cross-sectional 
area of the tunnel and to a frequency of 50%. The 
slope of this line is determined so as to obtain equal 
sums of the deviations from the curve on both sides 
of the mean cross-sectional area. For practical 
reasons, the cross-sectional areas situated outside the 
respective frequencies of 1 and 99% are not taken 
into account in determining the slope of the line. 
Consequently, this straight line represents a tunnel 
where the variation in the cross-sectional area 
corresponds to the normal distribution. 

The slope of the straight line represents the varia- 
tion in the cross-sectional area of the tunnel, and has 
been expressed in terms of the relative variation in 
the cross-sectional area 5 by the relation 

5 — 4m — 41 9g (4) 
A, ‘ 
the cross-sectional area corresponding 
to a frequency of 99%, 
A, = the cross-sectional area corresponding 
to a frequency of 1%. 

The reason why this method has been used instead 
of the statistical method commonly employed for 
calculating the standard deviation will now be stated. 
For practical reasons, the greatest deviations from the 
normal distribution are obtained for large cross- 
sectional areas, cf. Fig. 6. If use were made of the 
ordinary statistical method, in which the deviations 
from the mean value are square, then these excep- 
tional values of the cross-sectional area, which may 
be due to unfavourable rocks or may be caused by 
the fact that special spaces have been excavated for 
a meeting place, for storing materials and equipment, 
or the like. would have a strong influence on the 
deviation. From a hydraulic point of view, the im- 
portance of such exceptional values may be assumed 


where Aggy 
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Figs. 5—8. Distribution curves for tunnel cross-sectional 

areas. Fig. 5. Blasj6n tunnel, 1,000 sections, 6=31%; 

Fig. 6, Donje tunnel, 1,249 sections, = 18%; Fig. 7, 

Krokstrommen tunnel, 419 sections, 5=17%; Fig. 8, 
Tadsan tunnel, 39 sections, 8=33% 
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to be much smaller. Therefore, it seems that the 
graphical procedure outlined in the above is better 
adapted to the purpose in view than the usual 
statistical method. 


Correlation between Coefficient of Friction and Relative 
Variation in Cross-Sectional Area of Tunnel 
Mutually corresponding values of the coefficient of 
friction f and the relative variation in the cross- 
sectional area 5 for unlined non-reinforced tunnels 
have been plotted in Fig. 9. The values which have 
been corrected by estimate for the reasons already 
stated, viz., those for the Blasj6n, Dénje, and Har- 
spranget tunnels, are specially marked in this diagram. 
An unambiguous correlation seems to exist between 
f and 5; and the value of the Pearson correlation is as 
high as 0-96. It appears that this correlation in the 
range of variation covered by the present investigation 
can be represented to a fairly close approximation by 
f =2-75 x 1074/8 ...(5) 
However, since the value of f for rock tunnels 
having the cross-sectional areas which have so far 
been used in Sweden can scarcely be imagined to be 
lower than 0-03 to 0-04, it is to be supposed that the 
full-line curve represents a more probable expression 
for the correlation. As is seen from Fig. 10, this ex- 
pression would correspond to a minimum value of the 
ratio:ks/R, equal to about 0-02. If the cross-sectional 
area of the tunnel is assumed to lie between 7 sq.m 
and 100 sq.m, then this value of the ratio ks/R 
corresponds to values of ks equal to 14 and 43 mm 
respectively, and it is not to be expected that smaller 
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Fig. 9. Relationship between coefficient of friction and 
relative variation in cross-sectional area; unlined tun- 
nels without reinforcing arches 
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sand roughness and relative variation in cross-sec- 
tional area; unlined tunnels without reinforcing arches 


values of ks can be achieved in practice by means of 
methods which are economically justifiable. 

As regards the relatively low coefficient of friction 
for the Blasj6n tunnel, it should be borne in mind 
that during the excavation of this tunnel, exceptionally 
great efforts were made to obtain smooth rock sur- 
faces, and, furthermore, the structure and the strike 
of the rock were very favourable. These circumstances 
may explain why the relation between f and 54 for 
this tunnel is slightly different from those obtained 
for the other tunnels, which have been excavated under 
somewhat less favourable conditions and by means 
of more common methods. 

In so far as the relations represented in Figs. 9 
and 10 may be regarded as representative, Fig. 11 
shows how reinforcing arches, when these are re- 
quired, can influence the friction losses. The increase 
in the friction head in this case, which is due partly 
to a sudden reduction in the cross-sectionai area of 
the tunnel, and partly to the augmentation of the 
roughness caused by the arches, is very great. In fact, 
as the coefficient of friction in the reinforced por- 
tions of the tunnel has been increased several times. 


Engineering and Economic Conclusions 

As is seen from Fig. 9, a correlation exists between 
the coefficient of friction f and the relative variation 
in the cross-sectional area of a tunnel 5 under the 
conditions which characterise the tunnels covered by 
this investigation. The relative variation in the cross- 
sectional area is easier to estimate within certain 
limits of accuracy than the coefficient of friction long 
before the construction of the tunnel is completed 
and the tunnel is filled with water. Therefore, the 
method described affords a possibility of checking the 
agreement between the friction losses which are 
assumed as a basis for design and those which are to 
be expected in consideration of the actual rock sur- 
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faces produced. By applying this method, the cross- 
sectional area of a tunnel can be adjusted even after 
only a small portion of the tunnel has been excavated, 
so as to obtain an optimum size. 

If the capital expenditure on a tunnel can be 
assumed to be proportional to 4/Aqa where Aq is the 
tunnel design area, that is to say, if—as is frequently 
the case—the contractor is not paid for excavated 
overbreak, and if, furthermore, the hydro-electric 
station which comprises the tunnel is operated at a 
constant discharge during the whole annual service 
period, and has a generating capacity 

e@ = 8-Sqhnet kW, 
then we obtained the following relations. The capita! 
expenditure on the tunnel is 


O-atf-d_4) : 
b aAa «(F100 «s(6) 


Swedish kroner per running metre of tunnel length 
and the capitalised present value of the friction losses 
is 


1 @ 
Cr 8S. FO ITVA' Ag TC 
100 (1 + r/100)" — 1 


‘“r (1 + 7/100)" 7 


Swedish kronor per running metre of tunnel length. 
where 
a =a constant, 
b = the overbreak, in per cent of the design cross- 
sectional area, 
C = the value of hydro-electric energy, in Swedish 
kronor per kWh, 
r = the interest charge, in per cent, 
n = the estimated life of the hydro-electric station, 
in years, determining the rate of depreciation, 
T = the annual service period of the hydro-electric 
station (the load factor), in hours per year. 
For Cy + Cy = minimum, we obtain 


A 29 f TC(100 { b)o5 (1 | r/100)” — i 
opt q a e r(1 l r/100)" 


...(8) 
For a given type of rock, the hydraulic expression 
(sand roughness) ks, which is directly dependent on 
the roughness of the rock surface, may be regarded as 
an expression of the quality of excavation in respect 
of surface smoothness. For most of the tunnels studied 
in this investigation, the value of ks varies within the 
limits from 0-2 to 0-6 m, and its mean value is 0-4 m. 
If the relations between f and A corresponding to 
these values of ks, Fig. 12, are substituted in equation 
(8), then we obtain, with a sufficient accuracy within 
the range covered by the present investigation, 











for ks = 0:2 m, 

hen = 1-3Cug?™ iol) 
for ks = 0-4 m, 

Meg = 1:5Cyq?™ ...(10) 
for ks =0-6m, 

Meg, = 1-65Cy,q°™ ei) 


where the constant Cx, is determined from economic 
factors and from the pércentage of overbreak by means 
of the relation 
, TC(100 + | : 
Cx ——__——_— 
ap 
In equation (12). p denotes the annuity, expressed 
in per cent, and hence 
r(1 + r/100)" 
L. r/100)" | 


...(12) 





(13) 
P=a (13) 
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Fig. 11. Relationship between coefficient of friction 
and relative variation in cross-sectional area; tunnels 
partly provided with reinforcing concrete portals 


If, for instance, after a portion of a tunnel has been 
excavated, the value of ks is found to be 0-6 m, in- 
stead of a mean value of 0-4m, which has been 
assumed as a basis for design, then it follows that the 
cross-sectional area of the tunnel should be in- 
creased by about 10%. 

The conclusion that can be drawn concerning tunnel 
reinforcements is that they readily cause a considerable 
increase in the loss of head. It is true that under 
favourable rock conditions, which are ordinarily met 
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Fig. 12. Relationships between coefficient of friction 
and actual cross-sectional area corresponding to 
different values of sand roughness 
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with in Sweden, it is probably not economical to 
provide the whole tunnel with a concrete lining in 
order to reduce the loss of head. But in cases where 
reinforcements are necessary they should be designed 
and constructed to comply with the following 
requirements: 

(a) The reduction in the cross-sectional area in 
relation to the cross-sectional area of the tunnel 
on both sides of the reinforced portion should 
be as small as possible. 

(b) The junctions between the reinforcements and 
the rock should be so designed as to be favour- 
able from a hydraulic point of view. 

(c) A concrete lining extending throughout the re- 
inforced portion should be used instead of 
separate arches, even in the cases where sep- 
arate arches would require smaller amounts of 
concrete and reinforcing steel. 








(d) In the cases where separate reinforcing arches 
must be used, their spacing should be favourable 
from a hydraulic point of view. 

For engineering and economic reasons, it seems to 
be definitely recommendable to pay due regard to 
these requirements in the design and construction of 
tunnel reinforcements. 
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Electricite de France Developments 


France has an impressive recora of hydro-electric 
development and if progress continues at the present 
rate it is estimated that contractors specialising in 
dam building will be kept fully occupied for another 
twenty years. Modern techniques have tended to place 
more emphasis on finding designs which blend with 
the surrounding countryside, and in France, which is 
rich in natural beauty, her dams and power stations 
are now always planned with this end in view. Recent 
years have produced a great number of improvements 
in design and constructional practice; it has been 
found possible to build large dams quickly and effi- 
ciently with a capital expenditure well in proportion 
to the power potential of a project. Methods have 
been streamlined, equipment and manpower have 
been organised to give a better return and more com- 
petent technical staff has been available. 

An interesting evolution is the increasing use of 
bulb units in run-of-river development. Until recently, 

jany potential sites had not been developed because 
the power which would eventually have been pro- 
duced did not warrant the investment required. Bulb 
units are relatively inexpensive, they are ideally suit- 
able for low-head sites which abound on some French 
rivers, and their installation involves far less civil- 
engineering work than is the case for the more usual 
types of turbine. 

Hydro-electric development in metropolitan France 
can be divided into four main geographical regions: 
the Alps, Pyrenees, Massif Central and the Rh6éne 
valley. The average annual production of energy from 
hydro-electric resources is approximately 30 mil- 
liard kWh and it is estimated that the total energy 
potential from water power is from 70 to 80 milliard 
kWh. 

Published on the occasion of the Sixth International 
Congress on Large Dams, a recent issue of Travaux 
(August 1958, No. 286) contains a number of articles 
describing a wide selection of dams and power sta- 
tions in France, Algeria, the French Union and cer- 
tain other countries where French companies and 
engineers have taken part in hydro-electric develop- 
ment. 

A variety of solutions and designs have been 
adopted according to the conditions prevailing in 
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each area and it is particularly interesting to note the 
special problems that have occurred in the Rhdne 
valley. 

The Rh6ne, a multi-purpose river traversing a dis- 
tance of some 500 km. from the Swiss frontier to the 
Mediterranean coast, encounters a wide variety of 
geographical conditions along its course and there are 
marked fluctuations in the rate of flow and elevations. 
Parts of the valley are densely populated, others are 
irrigated by the river and rely on it for their agricul- 
tural prosperity, while the RhOne is, of course, an 
important navigable waterway providing an invalu- 
able outlet for the industrial heart of central France. 
The section from Valence to Donzére-Mondragon will 
eventually have five power stations, of which two are 
already operating (Montélimar and Donzére-Mon- 
dragon), one is in course of construction (Baix-Le- 
Logis-Neuf) and two are in the design stage (Valence 
and Beauchastel). The three criteria of energy, irriga- 
tion and navigation have beeen satisfied by develop- 
ing each site independently from the others, and by 
diverting part of the flow through a canal on which 
is built a combined power station and lock, below 
which the canal returns the tailwater to the river. This 
system allows navigation to continue at all times with 
the minimum of interference and, indeed, greatly im- 
proves the water-course on certain stretches which 
were hazardous previously. In addition, since the 
canal upstream from the power station constitutes 
the storage reservoir, a regular constant head is avail- 
able for peak-load operation. 

There have been many changes in civil-engineering 
methods and the constant search for more efficient, 
less expensive materials has led to the increased use 
of metal as a replacement for concrete in temporary 
structures. Metal can be recoverec and re-employed, 
at least theoretically, an indefinite number of times 
and it is quicker to use, easier to erect and leaves 
fewer scars on the countryside surrounding a site. 
Many other improvements of detail have combined 
to simplify and accelerate the design, building and 
exploitation of dams and power stations; although 
progress in the past may have been necessarily pedes- 
trian, the full benefit of past experience should accrue 
during the next twenty years. 
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Fig. 1. Middle section of Stornorrfors dam fitted with two 21 by 9-6 metre spillways 
equipped with tainter gates 


Tunnel Blasting at Stornorrfors 


A brief account of the procedure adopted in driving 
the largest water tunnel in the world 


HE Stornorrfors power station on the Ume river 

in Northern Sweden, which came into operation 

in October 1958, is probably the largest hydro- 
electric station in Europe, and is remarkable for the 
unit capacity of the machines installed—150 MVA— 
and for the size of the tailrace tunnel. This tunnel, 
which has a cross-section of 390 sq. m., is by far the 
largest in the world. 

The development is situated on the Ume river about 
20 km. inland from the point where it flows into the 
Gulf of Bothnia. Thé river and its tributaries drain 2 
catchment area of approximately 26,000 sq. km. with 
a mean flow of 450 cu. m. per sec. and a maximum 
flow of 2,900 cu. m. per sec. 

When fully developed the Ume river system in 
which Stornorrfors constitutes the major downstream 
unit will provide a storage capacity of 5,000 
million cu. m, Eventually about 20 power stations 
will be built along the Ume river system and will pro- 
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duce a total of approximately 8,000 million kWh, or 
more than one-third of the present Swedish output. 
The annual production from the Stornorrfors plant 
is estimated at 1,900 million kWh. 

The Stornorrfors project is simple in concept. It 
involves the construction of a concrete dam across 
the Ume River to a total crest length of 1,200 m. and 
a maximum height of 23 m. to provide storage for the 
station. The middle section of the dam has two 21 by 
9-6 m. main spillways, with tainter gates and one 15 
by 9-6 m. logging spillway. A fourth spillway is pro- 
vided with a concrete flashboard which can be blasted 
in case of emergency. 

Upstream from the dam a headrace canal has been 
excavated, 2,400 m. in length with a bottom width of 
100 m. in alluvium and 19 m. in rock; 1,300,000 cu. 
m. of deposits and 600,000 cu. m. of hard rock have 
been removed to obtain a flow of 800 cu. m. per sec. 

The headrace leads to three (ultimately four) in- 
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take tunnels, 53-63 m. long, with an area of 170 sq. 
m. Hydraulically operated tainter gates close the tn- 
takes in 10 sec. 

Three (ultimately four) 8 m. diameter vertical pen- 
stocks under a gross head of 75 m. conduct a total 
flow of 600 (ultimately 800) cu. m. per sec. to 178,000 
h.p. NOHAB Francis turbines having stainless-steel 
runners driving 150 MVA alternators which generate 
at 18 kV. 

The generator cavern is 124 m. long and 18-5 m. 
wide. It was possible to reduce the height due to the 
development of a yoke-type overhead crane requiring 
less clearance than those previously available. Two 
120 ton cranes have been installed and by combining 
these with trolleys a total lift of 475 tons is available. 

Alongside the generator cavern and connected to it 
by three short cable galleries is a 93 by 17:7 by 14:5 m. 
transformer room housing three 380 kV transformers 
and other gear. The leads are run in vertical shafts to 
the control centre above ground. 

The draft tubes, which are concrete lined and 
sealed, can be closed by a gate mounted on a travel- 
ling crane which runs in a separate gallery alongside 
the generator cavern. The closed tube is drained by 
pumps fitted in the gate. 

The underground plant also includes a 150 by 20 by 
22 m. surge chamber, a water tank supplying cooling 
water to transformers and generators, control room, 
transport tunnel and elevator shaft. 


Tailrace Tunnel 
Water from the three (ultimately four) draft tubes 
flows into a tailrace tunnel, 4,000 m. long and with a 
designed sectional area of 390 sq. m., which dis- 
charges into a 400 m. canal leading to the Ume river 
some 8,000 m. downstream from the dam. 
Excavation of the tailrace tun- 
nel aroused great interest owing 
to its exceptional size. It is almost 
twice as large in area as the big- 
gest tunnel previously excavated 
in Europe, ie., the Kilforsen 
supply tunnel, completed in 1953, 
and having an area of 208 sq. m.* 
During construction of the tun- 
nel, speed was not the overriding 
factor because completion date 
was planned to coincide with the 
installation of the first turbo- 
generator set. The operating 
schedule was initially planned for 
two shifts; but subsequently three 
were worked, one for drilling and 
blasting and two for mucking. 
In order to shorten the haulages 
as much as possible, it was 
decided to excavate the tunnel 
with four headings, from the up- 
stream and downstream ends, and 
in beth directions from an adit 
Situated about midway between 
the generator cavern and the outlet. 
The upstream access tunnel, 
with a total length of 660 m., 
includes the permanent haulage 
gallery leading to the generator 


* See Water Power, June 1955, page 202 
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cavern. This tunnel, as well as the midway adit, 
was driven with a sectional area of 54 sq. m. 
and a width of 9 m., allowing two 20 ton Euclid 
dump trucks to pass. The height of 6:25 m. was 
determined by the clearance required for taking 
large plant components into the underground power 
house. The gradient chosen was | : 7, which experi- 
ence has shown to be the most economical from the 
points of view of both haulage and excavation. The 
section of the tunnel floor carrying loaded trucks was 
concreted, whereas the return lane was laid with 
macadam. 

Both adits were driven full face on a three-shift 
basis. Drilling and blasting required a team consisting 
of a foreman and seven rock-drill operators working 
on a two-storey tubular-steel jumbo fitted with hy- 
draulic jacks. The jumbo was of the divided type, and 
each half was taken to and from the heading by a 
20 ton truck. 

The equipment used was Atlas Copco “Lion” rock 
drills mounted on BMT 45 pneumatic feeds. A con- 
ventional vee-cut was employed. and in each round 86 
holes with a total length of 400 m. were drilled. The 
cut was charged with dynamite LFB* and the trim- 
mers with Nitrolite{ using millisecond detonators for 
blasting the former and 0-5 sec. intervals for the 
latter. The average advance per day was 4°3 m. 

On an average, 232 cu. m. of rock was brought 
down with each round fired and the length of hole per 
cu. m. was 1:7 and powder consumption 0-12 kg. 


Tailrace Advance 
The tunnel area, which originally was determined 
at 360 sq. m., was divided into a top heading of 160 


f A 35% nitroglycerine type of explosive 
t+ Ammonium-nitra.e type of explosive 





Fig. 2. “Traxcavator” fitted with LIBV bucket for lateral loader at 
work in draft tubes 
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sq. m. and two benches, each 100 sq. m. in area. As 
the work progressed, the benches were increased ‘o 
240 sq. m., resulting in a total area of 380 sq. m. The 
width of the top heading is 16 m. and the total height 
from the bottom to the crown is 26:5 m. 

The 160 m. top heading was advanced full face. 
, Although four headings were available only three 
j were worked at any one time, the fourth being kept 
in reserve for use when the advance was stopped on 
some other front owing to the need for reinforce- 
ments. 

The drilling pattern designed for the top heading 
provides for a vee-cut which would give a theoretical 
maximum advance per round of 8-0 m. In the design 
’ of the pattern, fragmentation was also taken into con- 
sideration. 

A drilling team consisting of a foreman and 20 men 
working on a split 44 ton steel jumbo drilled 172 
holes per pattern. The total length drilled per round 
was 1,200 m. with Atlas Copco “Lion” pusher-feed 
rock drills. The steel set consisted of $ in. hexagon 
1,600/39, 3,200/38, 4,800/37, Sandvik Coromant Series 
12, 6,400/36, 8,000/35, and for the wedge-cut holes, 
9,600/34 mm. The integral steels were provided with 
chisel-type carbide bits. 

The working cycle on all headings included three 
eight-hour shifts, one for drilling and blasting and 
two for mucking. The advance per day varied from 
6:5 to 7:3 m. with a powder consumption of 0°8 kg. 
per cu. m. of rock. Total drilling and blasting cost 
was about Kr. 10 per cu. m. 

The breakdown of the cost, expressed in per- 
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Fig. 3. Atlas Copco drills in operation at supply canal Stornorrfors power project; blasting is carried out 
in two benches having a total height of 65 ft. 





centages, is given in Table I. An analysis of the work 
items included in the 24-hour cycle gives the following 
results: — 

BREAKDOWN OF 24-HOUR WORKING CYCLE, Top HEADING 
Drilling and blasting 


1. Advance of jumbo, setting of holes .. 0-7 hour 
2. Drilling, charging, wiring us .. o© 
3. Withdrawal of jumbo .. ae a. 
4. Ventilation and bulldozing .. ~ OF 
5. Portal time sa ae a <. Ce 
6. Food break -_ ea ig -s OF 
7. Miscellaneous... ve a .. 03 
Total Ke ss a om .. 80 hours 
Mucking 
1. Advance of excavator .. a .. 0-2 hour 
2. Loading, scaling, withdrawal of exca- 
vator .. 7 A: o ee: 
3. Bulldozing a = * oo Vee 
4. Portal time re Ea «es 
5. Food break ue a co TE a 
6. Scaling of front aa ud .. 2 ‘ 
Total a ‘% sei - .. 16°0 hours 
Benching the Tunnel 


A multi-unit drill jig was used for benching. This 
jig was built of steel sections across the entire 16 m. 
width of the tunnel and on it were mounted 13 (subse- 
quently 11) Atlas Copco “Lion” rock drills fitted with 
5-6 m. chain feeds. The feeds were spaced on 1-66 m. 
centres, except those at the ends which were set a dis- 
tance of 0:85 m. Behind the two flank feeds two simi- 
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lar chain-feed drills were mounted at a distance of 
0-85 m. from the loader. 

The jig was skid mounted and advanced by two 
pneumatic hoists. Since the trimmers could not be 
placed close to the wall, a 0-40 m. shelf was left on 
each side of each bench, reducing the tunnel width to 
14-4 m. 

Four men operated the drill jig. three machines to 
each man. With the jig positioned across the tunnel 
all the machines were started simultaneously, after 
which the men took cover in a lightly armoured ser- 
vice wagon some distance away as a precaution 
against accidents arising from left-over unexploded 
charges in the bottom of the top heading. After drill- 
ing through the danger level the air supply was cut 
off automatically, and the men resumed drilling. 

The top bench, measuring 8-0 m. in depth, was 
drilled with a set consisting of 6,000/41 and10,300/39 
mm. steels. The rods were { in. with a 7 mm, flushing 
hole and a | in. by 159 mm. rubber-collared shank. 
The set was made to special order and the bits were 
of the conventional Swedish chisel type. 

Each hole was drilled to a depth of 10 m. and set at 
a 2: 1 incline. Having completed one row the jig was 
advanced 1:7 m. (equivalent to the burden) and the 
process repeated. The average rate per shift was 6-5 
rows with a total length of 110 m. per row. The drill- 
ing output per manshift averaged 179 m., but at times 
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Fig. 4. Pits for generators at Stornorrfors power station; 








the finished floor will be flush with the rims of the pits 


it increased to 220 m. The holes were charged by a 
pneumatic loading device. The bottom charge con- 
sisted of 6 kg. dynamite LFB packed to about 90% 
followed by 3-2 kg. loosely piled sticks of the same 
grade. The total charge per row was therefore 119-6 
kg. The round was fired by millisecond detonators. 

An average of 1,700 cu. m. (firm measure) was 
produced per round, equivalent to a powder con- 
sumption of 0-58 kg. and 0°63 m. of drilled hole per 
cu. m. of rock. The drilling and blasting cost came to 
Kr. 5-20 per cu. m. Other detailed costs are given in 
Table I. The time required was 0-33 hour per cu. m. 
as against 0-61 hour for the top heading. 

The round was mucked out in two shifts with a 
Marion 111 excavator provided with a 4 cu. yaid 
bucket and Euclid 20 ton dump trucks. A bulldozer 
was employed to scrape together the rock for efficient 
bucket fill. 

The second bench, as originally planned, measured 
5-6 m. in depth, but as a result of the excellent pro- 
gress made with the first bench the depth was in- 
creased to 8-0 m. increasing the total tunnel area to 
390 sq. m. 

The experience gained on the Stornorrfors develop- 
ment will no doubt be put to good future use. Of in- 
terest is the breakthrough of mechanised drilling 
methods which occurred on the Stornorrfors job. As 
applied to benching, the drill jig developed proved 
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Fig. 5. Drill rig mounting 13 chain-feed drills at work 
in tailrace tunnel 


eminently successful and contributed to a reduction of 
the unit cost by about 48% as compared to the top 
heading. 


Gauge of Holes 

Throughout, in the top heading as well as in the 
benches, medium-gauge holes were used. In the sup- 
ply canal, the excavation of which has not been dealt 
with above, extension steels provided with a remov- 
able 4 in. bit were used to drill two benches 7 and 14 
m. in depth but some difficulty arose because with the 
spacing used, the rock did not break evenly at the bot- 
tom. The fragmentation was also unsatisfactory be- 
cause large boulders reduced the mucking efficiency. 
The results were improved by substituting the large- 
gauge quarry drills with a tractor-mounted four-unit 
drill jig and using 1} in. extension steels with detach- 
able 50 mm. four-point bits. 

To obtain satisfactory fragmentation and bottom 
breakage in the tough gneiss encountered on the Stor- 
norrfors site it was necessary to distribute the powder 
uniformly in closely spaced small or medium-gauge 
holes. 

With the bigger spacing commonly employed 
with large-gauge holes the powder becomes concen- 
trated and produces unwieldy boulders and craggy 
bottom breaks. Initially, a burden of 1-60 m. was used 
but this was subsequently reduced to 1:25 m. in order 
to improve the fragmentation. However, this reduction 
increased the overall drilling and blasting costs to such 
an extent that the method was abandoned and was 
replaced by 50 mm. holes, with consequent improve- 
ments in blasting and in overall costs. 
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Drilling and blasting 


Explosives 
Blasting caps ... 
Drill steel 
Extension steel 
Other materials 
Labour 


Rock drills and air | 


Jumbo and 
ventilation 

Transport 

Fixed costs 

Other costs 

Normal scaling... 
Total, drilling and 

blasting 


Mucking 
Excavator 
Bulldozer 
Fixed charges 
Other charges 


Total, mucking ...| 


Haulage 
Other charges 
Total, haulage .. 


Rock dump a 
Road maintenance 
Total 


Reinforcements 
Boulder blasting, 
scaling, etc. 
Repairs, etc. ... 

Total ... 





TABLE I. 
PERCENTAGE BREAKDOWN OF COSTS, TAILRACE TUNNEL 
a Top heading Benches Total 
8-8 9-8 4 
0:8 0-9 0-9 
3-6 5-1 4:2 
. 0:8 5 
0-4 0:8 0-7 
8:7 6:1 7.4 
9-3 10-0 9°6 
9-2 i> 5-7 
0:8 0:5 0:8 
3-0 2 os 
0-1 0-4 0:2 
46 ? 3:3 
49-3 408 45:1 
| 11-0 12-0 11°4 
2°8 fe 2°5 
1-1 0-7 0-9 
0:5 | O8 0:7 
15:4] 15:8 | 135 
A i 24:8 22:9 
| 0-6 iy )-8 
22-1] 25-9 23-7 
2:0 ye 1-9 
3°5 49 4.4 
35} 6°6 6:3 
1-9 1:5 LF 
+s 9-2 7:2 
0:3 0:2 0:5 
e a... 10:9 9:4 
1000; 1000! _—«100-0 
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Conference on Turbines and Pumps 


In this concluding article commenting on the Fifth Hydraulic 

Conference organised by the Société Hydrotechniaue de 

France we review the information relating to reversible 
pump-turbines 


PART THREE 


S might be expected, there were several papers 
Avon tubular-type axial-flow reversible pump/tur- 

bines developed in France for the new tidal cycles, 
involving turbine and pump operation on both the ebb 
and the flood tide. 

There were two on medium/high-head types for 
pumped-storage schemes and three on experience at 
Cambeyrac, which was specially constructed to simu- 
late tidal conditions for test purposes. Four others 
considered the technical and economic aspects of 
tubular units in normal hydro-electric stations of 
medium output, but do not appear to disclose new 
or basic data. 


Medium and High-Head Reversible Pump-Turbines 

Prof. Medici’s paper deals with reversible Francis 
runners and guide vanes and shows that mathematical 
methods of calculating trajectories and pressures 
apply only within narrow limits and that model tests 
are essential. In a turbine the potential/kinetic-energy 
transformation is effected efficiently, but as a pump 
the power used to produce the velocity for subsequent 
conversion into discharge pressure is increased by 
excessive turbulence, because the runner is imperfect. 
The tests confirm that blading is more important for 
the pumping than for the turbine phase. 

Saint Vaulry endorses this from practical experience 

by explaining that: 

(i) A turbine with 90° blade entry angles and short 
strongly convergent low-loss channels develops 
strong separation when driven as a pump, be- 
cause they diverge too quickly and the large exit 
angles give unstable Q —H characteristics. 

(ii) Francis pumps have excellent efficiencies as tur- 
bines. 

(iii) Settings are fixed by pump operation because of 
the more severe suction conditions imposed. 

Medici’s work is applicable to heads where a single- 

stage unit could be used, and model tests were under- 
taken to develop runner-blade, guide and stay-vane 
systems and shapes for high-efficiency machines with 
symmetrical and asymmetrical casings. The latter gave 
higher specific speeds for optimum efficiency and he 
finds that: 

(i) In turbine operation where the water traverses 
the stay-vane/guide-vane channels before entering 
the runner, guide-vane shape and position in- 
fluence the potential/kinetic-energy conversion 
efficiency. 

(ii) In pump operation, where passage through the 
impeller and diffuser precedes the casing, the 
energy transformation is distributed between the 
moving and fixed vanes. Diffuser-vane adjustment 





does not modify its character but may diminish 
the energy losses under variable operating condi- 
tions. 

(iii) The power expended to produce velocity is incom- 
pletely utilised because viscosity damping, vortex 
forces and excessive turbulence consume kinetic 
energy if the runner is badly designed. 

(iv) The runner blade setting and profiles determine 
pump performance in the limited reversibility 
zone. 

Model-test results are summarised in Table IX. 


TABLE IX. Mepici’s PUMp-IMPELLER/TURBINE-RUNNER PUMP 
PERFORMANCE DATA 
Model scale ... 1:7°5 
Model speed 1,000 r.p.m. 


V olute/Spiral Casing 


Turbine-inlet pump-discharge diameter 225 mm. 

Eye diameter i 150 mm. 
Pump Impeller/Turbine Runner 

External diameter 286 mm. 

Internal diameter 150 mm. 

Height at entry/discharge 32-5 mm. 

PUMP-IMPELLER PERFORMANCES 

Pump Impeller/Turbine Runner| A B af 
|No. impeller/runner blades ...| 9 7 11 
|Impeller/runner blade angles 

External ..| 30 30 45/60 
| Internal -- | 20 20 30/60 
| No. diffuser/guide vanes | 12 10 10 
|Head (m.) 1} oe 10-6 9-20 
|Water quantity (lit./sec.) | 78 76 70 
| Power absorbed (kW) ..| 84 9-2 8-3 
| Pump efficiency (°.) , ... | 90°7 85-6 72-0 
| Impeller characteristic No, 

V0/5-56 Hi=k 9-00 8:60 8-90 


COMPARATIVE PERFORMANCE—-RUNNER “A” 
Relative/circumferential velocity angles at: 
External diameter 22 
Internal diameter 35 


Velocity Coefficients External Internal 
Circumferential - 1-060 0:566 
Meridional component of absolute 

velocity 0-165 0-200 
Tangential component of absolute 
velocity 0-646 0-278 

Relative Performances Turbine Pump 

Optimum speed r.p.m. 850 1,000 

Head... 7 m. 9-85 10-2 

Discharge ' lit./sec. 74 78 

Power kW 6:08 8-40 

Efficiency % 85-0 90-7 

Characteristic No. k 7:28 9-0 


Saint Vaulry has the pump-designer’s approach in 
the multistage-pump head range and reveals informa- 
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tion not hitherto generally known. He mentions that 


pump/turbines: 


(i) 


(ii) 


(ili) 


Simplify station equipment and eliminate (a) the 
costly complex pump/turbine coupling, (b) one 
of the main valves, and (c) the breeches pipe from 
the conventional arrangement and permit reduced 
changeover times from pumping to generation 
and vice versa. 

Should have the following characteristics, as far 

as practicable: 

(a) Similar turbine and pump efficiencies over the 
same head range. They should remain good 
for +10% variation about the mean head. 

(b) The turbine output should be about the same 
as the pump input. 

(c) The speed should preferably be identical for 
both duties, bearing in mind that pipeline 
losses decrease the turbine head and increase 
the pumping head. 

Make turbine-output and pump-discharge con- 

trol difficult in multistage units because final-stage 

regulating vanes would be ineffective. On large 
systems this may not be a disadvantage because: 

(a) Pumping efficiency decreases rapidly above 
and below maximum discharge. 

(b) The generating time is less than the pumping 
time where energy consumption need not be 
regulated. 

(c) The addition of 50-100 MW on the French 

network has little effect on frequency and 

starting conditions are not embarrassing. 

A normal turbine disconnected from the sys- 

tem may reach 80-100% overspeed at run- 

away. With a pump/turbine the runaway 
speed, as confirmed at Pragnére, is only 1-°3- 

1-4 times normal, and automatic discharge- 

valve closure controls water hammer and 

limits overspeed to 2-3 min. 

If the fault is remote from the station and 

runaway can cause inadmissible system- 

frequency variations, then it is always possible 
to disconnect the machine. 

(f) The turbine can operate at a fixed output 
known to the load dispatcher. 


(d 


_— 


_ 
oO 
~ 


Since theory cannot predict machine characteristics, 
model tests were made in addition to those on a 
three-stage double-inlet centrifugal pump at Prag- 
nére designed for a discharge of 2 cu. m. per sec. 
against a head of 400 m. when running at 1,000 r.p.m. 

The model and prototype characteristic curves 


based 


on dimensionless coefficient justify study. They 


show that: 


TABLE X. SAINT VAULRY’S MODEL 


(a) 
(b) 
(c) 
(d) 


(e) 








The pump/turbine specific-speed ratio varies 
slightly. 

Although the field tests were incomplete the tur- 
bine efficiency was about 88%. 

The head range with high turbine and pump effi- 
ciencies is about 20%. 

The maximum turbine efficiency occurs at 15-30% 
higher head than that for maximum pump effi- 
ciency. Tests are in hand to narrow this margin. 
Guide vanes may be desirable where pipeline 
losses are important but this is not generally the 


case at high heads. 


Table X summarises some of the test results. 


Low-Head Reversible Pump-Turbines 

The papers directly concerned with tubular units 
for tidal-power stations reveal the immense effort that 
has been devoted to theoretical and applied research 
and machine design; this effort has been stimulated to 


meet 


the varied conditions posed by the new tidal 


cycles, which may make joint operation with nuclear 
power stations advantageous and which may find ap- 
plications in conventional hydro-electric stations. 
The papers refer only to those machines which have 
been tested, but the others were described in the pro- 
ceedings of the “ Fourth Hydraulic Conference.” The 


theme of the “ Fifth Conference ” 


was more con- 


cerned with development and performance, and 
Casacci and Savron’s paper, summarised in Table XI, 
described the machines in three stations and one to 
be installed at St. Malo for testing under tidal con- 
ditions. 


Important points to be noted are: 


(i) 


(ii) 


(ili) 


TEST RESULTS ON 


On each complex tidal cycle rapid changes of 
Operating regime can introduce severe transient 
phenomena which may cause wear, abnormal 
stresses and possibly partial dewatering, which is 
more dangerous than for vertical Kaplans. 

If bulb-type units must control frequency two 

solutions are possible: 

(a) For large systems stability can be assured by 
suitably located synchronous condensers. 

(b) Where the machines must provide stability 
the necessary alternator inertia leads to large 
alternator dimensions with direct-coupled tur- 
bines. This disadvantage can be overcome by 
co-axial speed-increasing gearing. 

Operating requirements, accessibility to essential 

components and maintenance may justify appre- 

ciable expenditure for medium-output stations. 


MULTISTAGE PUMPS 


| | 














Operation Pump Turbine 
| — | | 
Characteristic | Coefficient yen | a yoy | sent tote | 
SA Mei 
Pragnére model ... sth 0-875 89-2 1-15 76°6 0-858 
prototype =f 0-950 82-6 | 
Lunersee ... a 0-950 111 1:19 97-9 | 0°875 
Zervreila ... 0-915 | 106 1:02 99-0 0-933 
Motec 1-050 | 91:8 | 1-23 83:8 0-910 
Helicocentrifugal ..., (0-680 | 320 | 0:85 270 0846 
ole ae, eo _ < —, 
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Taste XI 


Station 


Bulb location 


Output 


Head range 


Speed 


Operation 


Waterways with 
emergency inlet 
gates and draft- 


tube bulkheads 


Bulb access 


Bulb construction 


Downstream 
section 


Central section 


Upstream section 


Pump/turbines 
Runner 


SUMMARY OF TUBULAR REVERSIBLE PUMP-TU RBINES 





Beaumont/Monteux Argentat 


1—Downstream bulb. 


Upstream 
1—Pit-type unit 


88 MW 2—144 MW 
8:°5—12°5 m. 8:0— 16-5 m. turbine 
1:5— 11-0 m. pumping 
150 r.p.m. 150 r.p.m. 
Direct turbine Direct turbine, reverse 
pump. 


Concrete intake and/Concrete and steel linings. 
draft - tube components!|Arranged for turbine and 
buried in concrete except|pumping tests. 
those which must be dis-/Provision for 
mantled turbine and 
components. 


removing 
alternato1 


Upstream and  down- 
stream shafts for turbine 
and alternator. 


Upstream shaft only 


Conical nose, non-em-|Alternator housing. 
bedded supporting arms|External surface cools 
with guide vanes. Runnei|alternator, closed circui 
bearing access through/ventilating system. 
ilternator rotor. Various compartments ac- 

















MECHANICAL AND STRUCTURAL CHARACTERISTICS 


Cambeyrac St. Malo 
Downstream Upstream 
2—5 MW 9-0 MW 
3— 10-75 m. turbine 5:5 m. 
1+3 m. pumping 
Single runner 150 r.p.m.| 83 r.p.m. 


Twin runner’ 136 r.p.m.} 

Turbine and pump in/Turbine and pump _ in 
either flow direction forjeither flow direction. 
simulated tidal condi-|Actual tidal conditions. 
tions. 


Specially arranged  to/Concrete lined. 

simulate tidal conditions.|,No embedded parts but! 
|One intake equipped with|otherwise similar to other 
iris-type valve, otherwise/stations. 

as for Argentat. 


Upstream shaft for tur-|Upstream end only and 
bine. Horizontal galleries|carries cable and pipe- 
for alternator. work. 


\Alternator housing of|/Turbine cone supporting 
monobloc __constructior |guide vanes, bearing and 
lwith horizontal and ver-|carbon gland are access- 
tical streamlined support:|ible through alternator 
embedded in pipe. \thrust - bearing bracke’ 





commodate access, cables|The compartments of the|and rotor arms. 


and pipework. 


|Air circulation fans and 
| 


Turbine section in open 
shaft. 


Alternator housing. 


Supported by 
streamlined arms. 





Upper arms for access,|;Accommodates pipework 
cables, pipework  andjand cables. 
blade adjustment gear. 





iI ower arms for alterna-|Connecting passage leads| 
tor ventilation using/to turbine bearing and} 
motor-driven fan and ex-|gland and transfers run- 
lternal cooler. Upstream|ning hydraulic forces tc 
lend partitioned and forms|central pier. 

Inaturally cooled lubricat- 
jing oil tank. 


Passage accommodates 
|thrust - bearing pumps 
coolers, leakage pumps. 
oil distribution valves 
| and pilot exciter. 

Four Kaplan non-rever-|Four Kaplan non-rever- 
sible adjustable blades. (sible adjustable blades. | 
| 
Runner overhung  on/Hub forms integral part| 
shaft. of shafting with blade] 
servomotor on  down-| 





Oil pipes and operating|stream side coupled to] 
mechanisms pass through|alternator. 

shaft to control valves in 

upstream housing. 


horizontal gallery  used| 
for alternator access 
cables and pipework. 


cooler housed externally. 
Turbine section in open|Alternator section in open| 


shaft. shaft supported on stay 
vanes. 


three/Metal-lined access shaft/Similar to Argentat with-|Fixed by four _ pre- 
embedded in central pier./out central pier. 


stressed ties. 


Housing supported on|Housing and streamlined 
stay vanes anchored injaccess shaft can be dis- 
concrete by six radial pre-|mantled. 
stressed ties. 





Kaplan reversible adjust-| Kaplan non-reversible ad- 
able blades. |justable blades. 


Hub forms integral part| Runner overhung on 
of shafting with blade/shaft. 

servomotor on  down-| 

stream side coupled to| Blade servomotor forms 
alternator. | Part of alternator/turbine 

\shafting. 

Blade reversing control] 

by rack and pinions oper-! 

ted by oil servomotor in 


runner hub. 
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Station 


Guide vanes 


Stay vanes 


Alternators 


Shaft and bearing 


system 


(iv) Only experience will show how far monobloc 
construction can be applied, but the present maxi- 

mum runner diameter appears to be 3-0-3-5 m. 
Further Developments. Kammerlocher’s paper de- 
monstrates that ideas applicable to tubular machines 
for both conventional and tidal-power stations are by 
no means exhausted and gives an insight into ex- 
perience with the existing units, about which little is 


| Beaumont/Monteux 


IConical distributor with 
iguide vanes mounted be-| 
|tween two spherical sur- 
\faces carrying glands and 
seals. 


[Anchored in concrete. 
Constitutes second sup- 
port for bulb 


|Rotor welded to shaft. 





Stator integral with hous- 
ing. 


\Two ring bearings. 


|Deflecting - pad - type 
ithrust bearing oo. of 
taking counterthrust at 
jupstream end of shaft. 

| 





| 
| 
|Shaft sealing by carbon 
jgland. 

| 


said in the papers presented. 


Overall Conception. Comparison of the drawings in 
Casacci and Savron’s paper for the Beaumont-Mon- 
teux, Argentat and Cambeyrac machines, with the 
Stainless-steel-clad upstream bulb design, proposed 
for St. Malo, shows comprehensive simplification and 
mechanical separation of the machine and its housing 
to reduce component weights and dimensions to be 
handled during erection and dismantling. The stay 
vanes and guide vanes support the alternator which 
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| Argentat 


Conical distributor with 
guide vanes controlled by 
external regulating ring 
and two vertical oil-pres- 
sure servomotors. 


Each guide vane locked 
hydraulically against vi- 
bration during pumping. 


Anchored in concrete. 


Rotor welded to shaft. 


Stator integral with hous- 
ing which is supported on 
two streamlined pads 
traversing draft tube to 
lining. 


Alternator has two jour- 
nal bearings. 


Deflecting-pad-type thrust 
bearings and journal in 
upstream bulb for both 
directions of rotation. 


Cambeyrac 


Conical distributor with 
each guide vane operated 
by an independent rotary 
servomotor synchronised 
through toothed crown 
wheel inside hub engag- 
ing with angle pinion 
keyed on guide vanes. 
Safety devices to avoid 
abnormal forces on syn- 
chronising crown. 


Each guide vane locked 
hydraulically to prevent 
vibration during pump- 
ing. 


Anchored in concrete. 


Rotor welded to shaft. 


Stator integral with car- 
case without supporting 
pads but fitted to up- 
stream and downstream 
housings. 


Alternator has two jour- 
nal bearings. 


Double-acting — self-com- 
pensating thrust bearing 
for either direction of 
rotation. 


Oil distribution valves for 
servomotor blade control 
mounted on thrust-bear- 





Carbon sealing glands on| 
upstream shaft and) 
around servomotor down-| 
stream. Access to latter 
through alternator rotor 





| | 
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if machine is under pres- 
sure and by manhole if 


dewatered. | 
| 


ing cover. 


Carbon sealing glands on 
jturbine runner and alter- 








St. Malo 


Conical distributor with 
guide vanes controlled by 
external regulating ring 
and two vertical oil-pres- 
sure servomotors. 


System locked hydrauli- 
cally to prevent vibration 
during pumping. 


Principal support for ma- 
chine and takes up all 
horizontal forces on 
bulb. 

Not anchored inconcrete. 


Rotor welded to shaft. 


Stator integral with car- 
case but no supporting 
pads. 


Simple journal bearing 
immediately upstream ot 
runner. 


Combined journal and 
double-acting thrust bear- 
ing mounted in a fixed 
bracket in upstream sec- 
tion of bulb. 

Oil distribution valves 
fixed on cover. 


Carbon-ring sealing gland 
in downstream nose of 








inator shaft system sec- 
tions. 


[hub. 


bulb adjacent to runner 


can be removed wholly or partially without major 
disturbance to the turbine. The loads and torques are 
not shared by the housing but are concentrated on 
the stay vanes. Work on the turbine need not affect 
the alternator. The watertight joints are adjustable 
internally. 

The removable housing upstream of the alternator 
has no supporting arms but has (i) an intermediate 


ring maintained in alignment by prestressed rods 


assuring mechanical stability; (ii) a streamlined float- 
ing access, pipework and cable shaft which transfers 
no force to the concrete. This construction reduced 
the overall and heaviest component weights by 30 
and 40% respectively. 

A submerged machine with closed-circuit alternator 
ventilation requires automatic hygrometrically con- 
trolled air conditioning to avoid condensation. At 
Argentat and Cambeyrac this was done by commer- 


473 





cial electrical dehumidifying equipment. The most 
suitable location in the ventilation circuit is being 
studied. 

Runner. Double-tide working is the limiting case 
for axial-flow Kaplan turbine performance, since it 
involves bi-directional turbine, orifice and pump flow 
with minimum transition times. Hitherto such changes 
have involved blade reversal over about 240° which 
necessitates: 

(a) Machine stoppage for a prolonged period. 

(b) Over-dimensioning of the control mechanism. 

(c) Discontinuous operation, energy loss and possibly 

inconvenient flow fluctuations. 

Model tests, however, indicated that the unidirec- 
tional-flow blade range could be reduced to pass from 
turbine to pump operation without reversal at syn- 
chronous speed. 

Three parameters characterise a Kaplan blade and 
its position relative to the flow: 

(i) The blade-section inclinations between the hub 
and the throat ring adjusting the profile entry in- 
cidence angles, which have different peripheral 
velocities. 

The profile camber ensuring relative flow devia- 
tion. 

The inlet and discharge edges, which are more or 
less rounded or sharp depending on the profile 
adopted. 

For pump and turbine operation with high-specific- 
speed machines these parameters give a blade profile 
having: 

(a) Greater inclination at the hub than at the throat 

ring. 

(b) A camber where the concave surface always faces 
the zone of greatest pressure. Actually the mean 
line is almost symmetrical about its axis of rota- 
tion. 

(c) Rounded inlet edges which are sufficiently sharp 
to act as reverse-flow discharge edges. 

Blade Servomotors. Normally Kaplan blade-posi- 
tion control is actuated by an oil-pressure servomotor 
and articulated lever system, but with reversible 
blades the maximum angles involved make it easier 
to apply the torque by separate rotary servomotors 
synchronised hydraulically or mechanically. In addi- 
tion: 

(a) Multiple chamber servomotors are being developed 
which provide the torques required without involv- 
ing high-pressure sealing problems. 

(b) The incorporation of roller bearings is 
studied. 

Overhunge Guide Vanes. Guide vanes could be 
rotary servomotor controlled from inside the bulb, 
independently of the lining, but for St. Malo, however, 
an external regulating ring with spindle and footstep 
bearings was preferred to the overhung design, prob- 
ably because: 

(i) For pump/turbines, dynamic pressure variations 
and waterhammer may have to be considered in 
addition to the static head. 

Allowance should be made for the runner rotat- 

ing with the distributor closed. Model tests show 

that the head at zero discharge is: 

(a) Almost independent of the blade position. 

(b) About 0:7 V?/2g where V is the peripheral 
velocity. 

Guide Vanes with Individual Servomotor. Axial 
pump-turbines may require maximum guide-vane 
openings exceeding the range of the conventional 
regulating ring and lever-link system, which because 


(11) 


(iii) 


being 


(ii) 
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of its vertical position must be over-dimensioned rela- 
tive to the applied torque to avoid deformation and 
increased friction. 

On one Cambeyrac unit the 20 guide vanes are 
equipped with individual rotary servomoiors compris- 
ing four sectors, two keyed to the moving external 
spindle and two form part of the stationary outer 
cylinder, thus creating two opening and two closing 
compartments applying an almost frictionless spindle 
couple. The details are: 
Internal/external radii ratio 
Oil pressure for guide vane operation 

and locking .. 30 kg. per sq. cm. 
Variable torque 560-675 m. kg. 
Required torque aca 450 m. kg. 
Response torque margin i ; 25% 

Normally friction is about 5% but since it may 
vary, synchronising is necessary to ensure that all 
guide vanes take up the same relative position. This 
is effected by a conical toothed crown wheel engaging 
with the lower spindles and designed for 30% torque 
variation. If several vanes are subjected to this couple 
the remainder can operate and only the response is 
effected. The synchronising force could also be trans- 
mitted by an annular regulating-ring/lever/link sys- 
tem. Tests at Cambeyrac proved the arrangement to 
be flexible and stable. 


Alternators. Tests on submerged units proved the 
bulb an excellent cooler, and special magnetic cir- 
cuit construction described below allows 70% dis- 
sipation of the stator losses: 

(i) The Araldite-coated segmental plates forming 
the magnetic circuit are compressed cold at about 
3 kg. per sq. mm. to form an externally ma- 
chined annular block which is inserted in the pre- 
viously heated carcase, and after cooling shrink- 
age forms them into a monolithic structure. 

In service the magnetic-circuit/carcase tempera- 
ture difference increases this initial shrinkage and 
the interplate compression may reach 8 kg. per 


0-75 


(ii) 


sq. mm. 

Static and cyclic life tests up to 20 and 15 kg. per 
sq. mm. respectively disclosed no evidence of plate 
creep. 

Speed-Increasing Gears. Turbine/alternator plane- 
tary coaxial gears are now possible and permit: 

(i) Operating life and qualities compatible with the 

coupled machines. 


(ii) Torque variations exceeding +20%. 

(iii) Higher alternator speeds with non-synchronous 
optimum turbine speeds. 

(iv) Incorporation of an automatic oil-pressure and 
spring-controlled 20-30% overspeed device free- 
ing the alternator from maximum runaway-speed 
conditions. 

(v) Efficiency of 98°5% and 98-0% for one and two- 


stage types. The latter offers possibilities of opti- 
mum speeds for turbine and pump operation. 


Iris-Type Valve at Cambeyrac, Fischer & Poujade 
refer to the large highly stressed gates or valves re- 
quired for tubular turbines, and the obstruction, 
water disturbance and reduced turbine efficiency 
which they cause. These conditions prompted them to 
reconsider Fischer’s 1938 design comprised of con- 
centric segments similar to that of a camera shutter 
which was abandoned because vibrations appeared 
beyond certain closing speeds. 

The Cambeyrac design embodies six hinged steel 
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TABLE XII. SUMMARISED TEST RESULTS ON 


IRIS VALVE AT CAMBEYRAC—IWIN RUNNER MACHINE 





| _— | 
Operating time | 
Machine Operation 











| a | and Test Condition 
| Opening | Closing | 
Ez soe ee eee — —— “— = 
| sec. | sec. 
| 12—21 | 9%—16 | Runner blocked 
| 8—12 Direct turbine 
Governor in service 
8—12 | Direct turbine 
| Rapid closure of 
runners | 
155—180 9—18 Runner blocked 
| 8—12 Reverse turbiae 
Rapid closure of 
runners 
| 8-12 | _ Direct turbine | 
Governor in service 
| 
| 
8—12 Direct turbine 
Rapid closure of 
| runners 
8—12 Direct turbine 
Rapid closure of 
runners 
8—12 Reverse turbine | 
Rapid closure of | 
runners | 
14—41 9—18 Runner blocked | 
8—12 Direct turbine 
Rapid closure of | 
runners | 
| 
8—12 Reverse turbine | 
Rapid closure of 
runners 
14-40 9—17 Runner blocked 
8—12 Direct turbine 
Governor in service 
14—-28 9—17 Runner blocked 
| 
- 8—12 Direct turbine 
| Governor in service 





| 


segments closing the conduit-lining/bulb annulus. The 


are 3-4 and 1:5 m. respectively and the 


(i) Abut against each other in one plane at closure. 
Intersegment and segment/bulb sealing is by rub- 


cords or plastic materials, The total sealing 


length is about 12 m. 
(ii) Close in sequence, and adjustable timing is ob- 
tained either: 


Mechanically by adjustable connecting rods, 
or, 

Hydraulically by slowing-down devices in the 
individual segment oil-return circuits. This 
imparts a helicoidal motion to the water and 
partially destroys its kinetic energy by pro- 
gressive braking and permits rapid closure 
without excessive stresses. 
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| | 
| | Pressure Rise 
Servomotor Speed 
Head Oil Pressure Rise 
Upstream Housing 
m. kg./sq. cm. | C0 m. m. 
Balances 80 | . _ _ 
pressure | 
10-00 80 | 30 _ 
1075 | go | w | — | = 
| | | 
1050 | 60 | } —- jo = 
1000 | = 80 | o4 | — 
| | 
10-75 oe | ® | = | _ 
| | 
10-75 80 48 sed _ 
| 
| 
| 
10-00 80 62 ; | — 
| | 
10-00 80 60 | 0-15 
| 0:3 
10-50 80 | - 
1000 | 80 | 63 | ; = 
| | 
| | | 
| | 
10:00 | 80 | 63 | 1-2 | — 
| | 
| | | 
| | | | 
1050 | 80 | | _ 
| 
1000 | 80 | 66 -- 
| | 
| | | | 
10:50 | 80 - | | ~ 
1000 | 80 | ~~ 62 | _ 
| 
| 


(iii) Have a definite closing tendency and minimum 
effort. Rapid closing is, therefore, possible by 
lightweight oil-pressure operated: 

(a) Single or twin servomotors, 
(b) Individual segment servomotors. 

Other advantages claimed for this valve are: 

(i) Clearway waterway and improved turbine effi- 
ciency. 

(ii) Absence of vibration. 

(iii) Minimum space requirements compared with 
conventional designs. 

(iv) Uniform axial loads on segments. 

(v) Limitation of blockage to one segment. 


Tests at Cambeyrac 


There are two 5 MW tubular downstream bulb 
units at Cambeyrac constructed by: 
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TaBLe XIII. MAXIMUM EFFICIENCY VALUES 


Turbine Pumping 
Efficiency Efficiency 
Head Discharge 
Direct | Reverse, Direct 
Test Range . 3—10 3-—10 14+3 
m cu. m./sec. 
10°5 91-5 73-0 
3-5 70-0 63-0 
70 65:0 


(A) Batignole with twin runners. The iris valve 
immediately upstream of them was tested at 10-5 m. 
head with the following measurements: 

(i) Individual segment opening and closing pressures 

(100 kg. per sq. cm.). 

(ii) Upstream and valve-body water pressures (2°5 kg. 

per sq. cm.). 

(iii) Water pressure between valve and turbine dis- 

tributor. 

(iv) Segment positions. 

(v) Stresses on one segment by extensometers. 

(vi) Valve leakage. This amounted to 30 litres per sec. 

or 2:5 litres per sec. per metre of seal. 

The results are summarised in Table XII. 

(B) Neyrpic/Alsthom. The station waterways, gates 
and bulkheads were designed to allow simulation of 
double-tide operation and testing of each machine as 
a turbine and pump in both flow directions. The 
single-runner turbine and alternator characteristics 
are: 

No. runner blades .. 6 
Runner diameter 3-10 m. 
Runner blade movement 230 


Discharge .. 50cu.m. persec.at 10°75 m. head 
Speed ate .. 150 r.p.m. 
Head Ranges 
(a) Turbine operation 3to 11m. 
1 to +3 m. 


(b) Pump operation. . 
Alternator i , 5-2 MVA 0:96 p.f. 3:3 kV 

Turbine/Pump Performance. Speed rise in normal 
Kaplans is relatively small but because of the small 
starting time (1-0 sec.) bulb units reach higher values, 
and sudden load rejection phenomena are important. 
Pressure/time measurements made by Casacci & 
Sauron included those: (i) downstream of the run- 
ner, (ii) between runner and distributor, (iii) upstream 
of distributor, and (iv) in the draft tube, in addition 
to records of: (a) runner-blade and guide-vane posi- 
tion, (b) speed, and (c) blade-operating forces. 

The tests show that on sudden load rejection: 

(i) The changes of regime are sudden and severe. 

(ii) The speed regulation depends on the instantaneous 
load on the runner. Before disconnection the run- 
ner and guide vanes are controlled together but 
subsequently this changes because of: 

(a) Different blade and guide-vane operating 
speeds. 
(b) Machine speed variations. 

(iii) At maximum speed zero power is imparted by 
the water to the runner at small guide-vane open- 
ing and steep blade inclination, and: 

(a) When the speed decreases the runner acts as 





Reverse 


1+3 0-3 





a reversed pump and acceler- 
ates the water in the normal 
flow direction. 
Orifice | (b) The runner flow tends to ex- 
ceed that in the distributor 
and the pressure between 
them falls below that down- 
stream, thus reversing the 
hydraulic thrust. 
The pressure between the 
distributor and the runner is 
restored when the guide vanes 
open. 
(d) With a suitable closure law 
the speed decrease can be 
slower and the instantaneous 
runner load reduced during 
reversed pump operation. 
(iv) A vacuum tends to form in the 
distributor/runner zone. 
(v) Partial runner dewatering causes 
draft-tube pressure pulsations, blade-operating- 
force fluctuations and alternating shaft-bending 
moments. 


Duclos & Obolensky’s paper gives further test data: 

(i) Discharge was measured by current meters moun- 

ted on a frame moving at | cm. per sec. or on a 

fixed frame depending on the waterway con- 
cerned. 


(ii) Pressure and Velocity Distribution. Level gauges, 
mercury piezometers and pitot tubes were used in 
gauging sections and showed that: 

(a) Practically constant static pressures through- 
out including the periphery. 

(b) Relatively regular velocity distributions which 
were influenced by a guiding pier and the 
bulb. 

(iii) Output. The alternator efficiency was measured in 
the works and used to determine turbine output. 
It will be checked later by the calorimetric 
method. 

(iv) Efficiency. The systematic and accidental errors 
in the individual measurements did not exceed 
+2%. The efficiency contours were determined 
and the maximum values are summarised in Table 


XIII. 


Cavitation. Two stroboscopically illuminated 
throat ring inspection windows allowed blade 
cavitation development to be observed as a func- 
tion of load and downstream flow conditions with 
a Thoma sigma range of 1°6-1:9. At 8 m. head 
an appreciable efficiency drop occurred near maxi- 
mum output and will be checked on a scale model 
now under construction. 


| Operation 


~~ 


(c 


(v 


TABLE XIV. OsciILLOGRAPH TEST VALVES 


Starting operation Turbine Direct 
Direct Pumping 
Self-synchronising Automatic 
Initial speed 118r.p.m. Start from 
rest 
Current peak on breaker 
Closure . = 2050A 3500A 
Voltage 
Initial .. es a 3300V 3040V 
Final .. as ar 2520V 2350V 
Drop... ‘ ie 780V 690V 
Current during Asyn- 
chronous operation... 995A 1490A 
Closing of excitation con- 
tactor and _ self-syn- 
chronising time 2°4 sec. 6:0 sec. 
Slip 2°4% 3°7% 
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ALTERNATOR/ MOTOR PERFORMANCE 
Alternator Cooling. Heat runs showed that the 
coolers evacuated only 10% of the losses and 
when out of service the stator temperature rise 
increased 4°C. all losses being dissipated in the 
surrounding water. 

(ii) Oscillograph tests during transient periods in- 

cluded: 

(a) Synchronising for turbine operation using dif- 
ferent speeds, runner-blade and guide-vane 
positions. 

(b) A synchronous “direct on line” starting for 
pumping either from rest or with machine 
rotating from which typical figures were de- 
rived, as given in Table XIV. 

Conclusions 

The condensed and incomplete test results pre- 
sented were those which were available at the end of 
1957, and while these are most interesting, future 
papers should offer more comprehensive pump-tur- 
bine alternator data because it is evident that 
phenomena exist which do not occur in the same de- 
gree in conventional turbines. 


~— 


(i 





It is clear that considerable development expendi- 
ture has been invested in these machines in the in- 
terests of tidal-power schemes where they appear, 
under the appropriate conditions, to be eminently 
suitable. 

For conventional power stations, however, it 
might be concluded from the papers by Lieber, Bous- 
suges and Serpaud, that their application for medium- 
sized installations must be justified individually on 
economic grounds, except in the smaller sizes where 
asynchronous generators can be used or space limita- 
tions are involved. This generally confirms studies in 
this country but which remain to be checked by closer 
technical investigations and civil-engineering, mech- 
anical and electrical plant costs. 


Note.—A bound volume entitled “Turbines et 
Pompes Hydrauliques,” containing a complete account 
of the Proceedings of this Conference, can be obtained 
on application to La Houille Blanche, Boite Postale 
41, Grenoble. Price 10,000 fr. per set. 


Fish Protection at Brownlee Dam 


Hydro-electric development in the British Isles and 
elsewhere during recent years has shown the import- 
ance of the whole problem of fish protection. Special 
structures, tunnels, traps and facilities of many kinds 
have been included in projects to protect the normal 
propagation of the salmon, because this fish is not 
only a great source of natural wealth but is also the 


basis of a flourishing and expanding industry. A very 
elaborate system for trapping fish has just been com- 
pleted by the Morrison-Knudsen Company Inc. and 
installed upstream from Brownlee dam which, with 
the Oxbow and Hells Canyon projects, forms the 
Idaho Power Company’s massive development of the 
Snake river in the United States. 





A view of the completed net from the Idaho shore 
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® This Compressor—based on a Swedish 
invention — is completely different in 
design from conventional rotary types. 


@ After extensive field tests Atlas Copco 
Twin-Air Portables were put into quantity 
production earlier this year and were first 
exhibited at the St. Eriks Fair in 
Stockholm last August. 


@ These Portable machines embody all the 
know-how gained from two years operat- 
ing experience with Twin-Air Stationary 
Compressors installed in mines and 
industrial plants. 


THE ATLAS COPCO TWIN-AIR 


@ The 7win-Air has no wearing parts in the 
two oil-flooded compression chambers 
with the result that maintenance and 
overhauls are kept to a minimum. 


@ With the Twin-Air you get an overall 
operatingefficiency which only a twostage 
machine can give. 

@ The Rotary Screw design guarantees a 
smooth air-flow, free from surging 
characteristics. 

@ The first models in this new range are 
machines of 370c.f.m. and 620c.f.m. Both 
100% air-cooled, diesel-powered units. 






THE WORLD’S FIRST | 
PORTABLE ROTARY | 
SCREW COMPRESSOR 









| 
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The main components of the Twin-Air Compressor =re 
two screws which intermesh without metallic 
contact. 


SAtlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Write to Atlas Copco AB, Stockholm 1, Sweden, 
or contact your local company or agent. In Britain write to Atlas Copco (Great Britain) Limited, Beresford Avenue, Wembley, Middlesex 
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BARRIER NET DETAIL 
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A sketch showing the traps and the general layout 


The design of this net and the three traps with 
which it is equipped represents a revolutionary and as 
yet unproved attempt to safeguard fish on their migra- 
tory journey seawards after spawning. Extending 
2,800 ft. across the reservoir, the net is made of 20 ft. 
square sections bordered by main support cables with 
6 in. square wire mesh covered with 4 in. square plas- 








DISCHARGE TUBE 





Schematic view of a fish trap 
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tic mesh over the upstream face. 

Over 11 miles of cable were used during construc- 
tion of the main sections of the net, which is 120 ft. 
deep and has a total area of 300,000 sq. ft. This depth 
is considered sufficient to prevent salmon passing 
underneath the net because extensive study and re- 
search have shown that they do not normally travel 
more than 100 ft. below the surface. Eight horizontal 
cables, attached to concrete anchor blocks on each 
bank of the reservoir, are used to raise or lower the 
barrier as the reservoir level changes. The net is sup- 
ported by 100 hermetically sealed pontoons, graded 
in size according to the weight to be supported; the 
total weight of the whole net exceeds 700 tons. 

Three traps, 674 ft. long and 30 ft. wide, are spaced 
along the top of the net, with the one in the middle 
pointing upstream, and the other two pointing to- 
wards the Oregon and Idaho shores respectively. Two 
pumps having a combined capacity of 40,500 gal. per 
min. are fitted to each trap and are designed to create 
an artificial current which draws salmon into V- 
shaped troughs in front of the traps. The fish are 
drawn around a hairpin bend, over a series of gradu- 
ated sorting slots (small, medium and large) and into 
one of three holding tanks, from which medium and 
small fish are piped through an 8 in. diameter trans- 
fer line to a loading station on the Idaho shore. The 
transfer line is flushed out and filled with fresh reser- 
voir water; the sorting slots on one of the traps are 
then closed and the level of one of its holding tanks 
is raised by compressed air. A slide valve opens auto- 
matically when the tank has moved 15 in. upwards, 
allowing the fish to enter the transfer line. The tank 
continues to rise and to discharge fish into the line 
until it is stopped by a timing relay which opens other 
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SANDVIK COROMANT is today’s most widely used 

tungsten carbide tipped equipment for rock drilling. 

W hen you See a hole All over the world you will find Sandvik Coromant 
Drill Steels, Extension Steels and Detachable Bits. 

. ATLAS COPCO are distributors in 90 countries of 

think of Sandvik Coromant products for rock drilling. For 

details contact your local Atlas Copco Company or 

Agent, or write to Atlas Copco AB, Stockholm l, 


Sandvik Coromant swesen. 


SANDVIK 


oromant 


Sitlas Copco puts compressed air to work for the world 


068.128 
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valves through which the fish then pass down the line 
to the loading station. Large fish remain in a holding 
tank until they are removed by hand and transferred 
into another tank aboard a boat which carries them 
to the loading station. All the fish are then loaded 
into special tank trucks, each of which is equipped 
with an oxygen aeration and cooling system, and re- 
moved to a point some 15 miles downstream, thus by- 
passing both Brownlee and Oxbow dams, where they 
are returned to Snake river to continue their journey 
to the sea. 

Construction of the net on site involved a number 
of major problems. A barge, 152 ft. long and 48 ft. 
wide, was used as a workshop. The plastic screen was 
attached with special aluminium clamps to the wire 
mesh which was then fastened to the main cables. As 
the cables were unreeled from drums on the Idaho 


shore, the net was held flat across the reservoir, sup- 
ported by temporary buoys linked together by struc- 
tural steel framework. When the net was finished, the 
permanent pontoons were floated into position and 
the vertical cables were attached to the bottom main 
cable which, when it was released, pulled the net into 
its final vertical position. A gangway is provided along 
the whole length of the net to give access to the pon- 
toons and the traps. 

Although extensive tests were made on a model, it 
is impossible to predict exactly how efficient this in- 
stallation will be because the very small mesh required 
made it impracticable to carry out complete scale 
studies. The whole project has involved an enormous 
financial investment and only experience and time will 
show whether, in this case, the salmon fully appreci- 
ates what mere mortals attempt for his protection. 





Holman Rotair Compressor 


Holman Brothers Limited, Camborne, Cornwall, 
announce that following their agreement with James 
Howden & Co. Ltd., a portable rotary screw com- 
pressor has been specially developed with definite 
built-in pressure ratio and axial flow characteristics. 
Known as the Rotair, it is a compact lightweight 
machine delivering compressed air free from pulsa- 
tion. The compressor consists essentially of two helical 
fluted intermeshing rotors mounted in one casing. As 
they rotate, air is drawn through the inlet port to fill 
the interlobe space. The air is then trapped and com- 
pressed with a progressive reduction in the volume 
space until released into the discharge port. The male 
rotor, which has four lobes, absorbs practically all the 
power required by the compressor. The female rotor, 
which has six lobes, functions as a rotary valve result- 
ing in a continuous piston effect. 

High efficiency is said to be achieved in a single 
stage by the use of oil cooling which results, without 
the aid of inter and after coolers, in delivered air 
temperatures at least 100°F. less than those obtained 
from conventional compressors. 

The Holman Rotair range will give outputs of 135 
to 600 c.f.m. by employing a variety of diesel prime 





The compressor rotors 
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movers, including Cummings, Dorman, Ford, Ley- 
land, Meadows, Rolls Royce and Ruston. 

Increased rotational speeds have resulted in per- 
formances hitherto denied to the slower speed recipro- 
cating machines. The vane-type rotary compressor 
normally runs at direct engine speed but the Rotair 
is able to function at more than double this speed by 
using step-up gearing to give a compressor speed of 
4,000 r.p.m. The air flow through the Rotair compres- 
sor has axial flow characteristics and only the delivery 
end of the machine is subjected to high pressure. The 
rotors are located by matched pairs of combined 
journal and thrust bearings at the delivery end and 
expansion is catered for at the opposite end by the use 
of standard roller bearings. 

Cooling and sealing is carried out by injecting 
lubricating oil into the compression chambers and, un- 
like other types of compressor, detergent oil of the 
correct grade can be employed, as there are no vanes 
or other wearing parts to be considered. The form of 
rotors is such that hydraulic locks are impossible and, 
owing to the absence of sliding frictional elements, the 
oil life is stated to be much longer than in most other 
types of compressor. The rotors have positive clear- 
ances within the stator casing and the only friction is 
that between the engaging helices of the rotors. Since 
interlobe loading between the rotors is very light and 
because of the existence of the cooling fluid, this roll- 
ing engagement is said to result in very small losses. 

Output of compressed air is controlled automatic- 
ally according to demand by a simple mechanism 
which slows the engine down until the compressor is 
ultimately off loaded. This is brought about by con- 
trolling the inlet volume at the intake of the com- 
pressor. 

Oil injection effectively cools the air during the 
actual compression cycle. It is then recovered, cooled 
and returned to circulation, passing through a dual 
purpose radiator which also cools the engine circu- 
lating water. The resulting air temperatures are less 
than 100°F. above ambient and the oil loss is 
negligible. 

Electric starting is standard but other types can be 
fitted, as desired. Protective instruments are employed 
to shut down the engine in the event of oil-pressure 
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F.A.D. 525 cu. ft. min. 
at 100 Ib. per sq. in. 





UE: 


Most efficient — 
because it’s a two-stage compressor 


Most economical— 
because it’s a Holman 


The Holman T60R stationary compressor uses two-staging — the most practical method of 

air compression — to give the maximum volume of air for the minimum power. 

Two-staging, a feature possessed by all Holman stationary compressors, does more. It gives even 
torque, economical lubrication, less strain and wear, longer working life. 

Cooling is by a closed-circuit system, pressurised to 4 Ib./sq. in., which makes evaporation 
losses negligible — a major consideration when a constant water supply is doubtful — and 
obviates external pipework. 

The Holman T60R, like all Holman equipment, is built to /ast. And it’s designed to cut down 
running cost — the real cost of compressed air equipment. 

That's why engineers all over the world say that for sheer efficiency and economy in operation, 
you can't beat a Holman. 











PAYS... WITH ITS LIFE 


PNEUMATIC EQUIPMENT 


Gqrovur 


HOLMAN BROS. LIMITED, CAMBORNE, ENGLAND 

A company in the Holman Group which has branches, 

technical representatives and agents throughout the United Kingdom and the world. 

Telephone: Camborne 2275 (10 lines). Telegrams: Airdrill, Telex, Camborne. London Office: 44 Brook Street, W.1. Telephone: HY De Park 9444 
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failure or undue increase in the delivered air tempera- 
ture. Thus, with fully automatic control, supervision 
is reduced to a minimum. 

The chassis is very stiff and robust and the inde- 
pendent suspension on all four wheels is of simple, 
rugged construction, which, together with automotive 
type steering, gives true cross country performance 
and a higher degree of manoeuvrability than is pos- 
sible with more conventional suspension. 

Extensive endurance tests indicate that wear within 
the basic compressor is of a low order and that the 
life of these machines should be considerably longer 
than that of any other type of portable compressor. 


New Factory for Sandvik 


Almost exactly one hundred years ago, G. F. 
Goransson, who perfected the Bessemer process for 
the mass production of ingot steel, founded the 
Sandviken Jernverks A.B. in Sweden. The company’s 
first connection with Great Britain was in 1875 and a 
subsidiary company called The Sandvik British 
Agency Ltd. was formed 39 years later. The name 
was changed to Sandvik Swedish Steels Ltd. in 1951 
when it was decided that the British company would 
provide service for its customers in Great Britain by 
carrying extensive stocks to enable 24 hour delivery 
to anywhere in this country. 

The company now occupies an ultra-modern new 
factory at Halesowen, Birmingham, which was offici- 
ally opened by the Swedish Ambassador on October 
15. The factory covers an area of 45.000 sq. ft. and a 
stock of over 7,000 different items is maintained. This 
in itself has posed the problem of preventing corro- 
sion which Sandvik have overcome by developing a 
method of protecting each item with a transparent 
plastic film. 

The company is well known for the manufacture of 
tungsten-carbide tools and, in 1956, the success of the 
newly introduced range of tools made it necessary to 
increase the number of machines for this purpose 
from the original three to twenty. At present, the com- 
pany is in the process of raising this number to 45 
in order to meet a fivefold increase in demand. The 





Brazing tungsten-carbide inserts at Sandvik 
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new machines will enable the range of tools produced 
to be extended from flat to circular form and various 
intricate shapes to suit practically any particular 
requirement. 

The parent company, which produced 72,600 tons 
of steel in 1957, now has 125 subsidiaries or agencies 
throughout the world. Further expansion is planned 
at the new premises and customers of the company 
in Great Britain will soon receive a service at least 
equal to that available to their counterparts in 
Sweden. 


Heavy-Duty Side Boom 


A heavy-duty side boom with a lifting capacity of 
127,000 Ib. has been designed by MacKay Industrial 
Equipment Limited, of Faggs Road, Feltham, Middle- 
sex, for use with the Allis-Chalmers HD21 tractor. 

Internal expanding brakes with precision fitted 
shoes and linings control the load line and boom line 
drums which are completely enclosed for full protec- 
tion from dirt and moisture. The boom, built in a box 
beam section, is 20 ft. long and pivots on replaceable 
hardened pins and bushes. A constant mesh helical 
gear transmission allows a choice of four speeds for 
load line and boom control and one reverse speed for 
power lowering. 


Substations for Kariba 
For the Federal Power Board’s hydro-electric 


scheme at Kariba, in Rhodesia, the British Thomson- 
Houston Co. Ltd. is supplying, as part of one of the 








Erecting steel structures at Norton 
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BUILDING 
FOR 


POWER 


Huwood Conveyors are in wide 
use, not only in Britain but 
throughout the world—one of their 
most important applications being 
in the work of dam building for 
hydro-electric schemes. 

They have been chosen because 
they offer the highest degree of 
adaptability to varying sites, the 
utmost reliability, and the mini- 
mum of routine maintenance, 








UGH woaoo0oonbD & co. LTD. 


Justriai and Export Office 


Hedd Office 
GATESHEAD ON ROYAL LONDON HOUSE, FINSBURY SQUARE, LONDON. EC2 


1 Gateshead Telept ' ‘ ° elegra Huwood Stock, Londo Telephone » Monarch 3273 14 lines 
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largest switchgear contracts ever placed in Great 
Britain, twenty-five 330 kV oil circuit-breakers and 
over 100 three-phase sets of 330 kV vertical-lift pat- 
tern isolators, designed to achieve maximum space 
economy in the high-voltage switching stations at 
Kariba, Kitwe, Norton, Salisbury, Sherwood, Bula- 
wayo and Lusaka. Erection work has now started at 
the Norton and Salisbury substation sites. In the 
accompanying photograph, the steel structures at 
Norton are shown being erected by Joseph Parks and 
Sons Ltd., who are responsible for the design and 
manufacture of all the switching-station steelwork 
to the order of B.T.H. The electrical and mechanical 
consulting engineers for the Kariba project are Messrs. 
Merz and McLellan. 


Abstracts from the 


World Progress in Dams 

This symposium, published a few days before the 
opening session at New York of the Congress on 
Large Dams, consists of five sections contributed by 
outstanding specialists who have, in our time, played 
a prominent part in the progress of dam design 
throughout the world. Their names are today house- 
hold words: André Coyne, of France, originator of 
the ski-jump spillway, and famed for his bold arch 
structures; Carlo Semenza, of Italy, who is a pioneer 
in the development of the large double-curvature arch 
dam; Tore Nilsson, of Sweden, a world leader in the 
design of rockfill dams and underground power 
plants; Henri Gicot, of Switzerland, of Grande 
Dixence fame, who introduced the wide joint in con- 
crete dams for cooling purposes, and improved 
grouting techniques; Calvin Davis, of the U-.S.A., 
early expert on Ambursen buitress dams, and presi- 
dent of the Harza Engineering Companies. This sym- 
posium is referred to in Dr. Charles Jaeger’s report 
on the Congress on Large Dams, which appears else- 
where in this issue. (Engineering News-Record, Vol. 
161, No. 11, September 11, 1958, p. 31, 35 pp., 64 ff.) 


Water at the Brussels Exhibition 

Following a description of the water-supply system 
of the Exhibition, the author reviews the part allotted 
to water in the pavilions of various nations. Water 
as a source of power appears to play a major part 
in only three. A large-scale and excellent model of 
the Stalingrad power station emphasises the import- 
ance U.S.S.R. attaches to the harnessing of her water 
resources to power production. France displays in 
her pavilion a plan of the Upper Languedoc develop- 
ment together with the model of one of its power 
plants, and luminous boards show the progress of 
works in the Paris and Rhone regions. Schematic dia- 
grams and a model explain the working of the Rance 
tidal plant. French colonial developments are repre- 
sented by models of the Beni Bahdel dam and, out- 
side the pavilion, a large model reproduces the course 
of a river with a dam and its ski-jump spillway, power 
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stations and other hydraulic structures. One of the 
most conspicuous exhibits is to be found in the 
Czechoslovak pavilion with the display, on the lumi- 
nous glass ceiling, of the course of the Vitava River 
with the main stages of its hydro-electric develop- 
ment; a model of the Orlik power station is also 
shown. As to water turbines, Czechoslovakia and 
Switzerland are the only exhibitors. (La Technique 
de l'Eau, Vol. 12, No. 140, August 15th, 1958, p. 
39, 10 pp., 20 ff.) 

[Water power and water turbines were also repre- 
sented in the British pavilion. — Epitor, WATER 
POWER. ] 


Channel D.C. Transmission System 

The main features of the d.c. transmission system 
across the English Channel are discussed; viz, the 
converters, the control equipment, the submarine 
power cable, the insulation, and the valve arrange- 
ment. A paragraph is devoted to a comparison be- 
tween the main characteristics of this system and 
those of the Swedish Gotland transmission system, 
which was the first high-voltage d.c. installation of 
its kind. The successful completion of the latter had 
a decisive influence on the selection of d.c. for the 
Channel transmission system. This comparison be- 
tween the two systems shows that in as short a period 
as six years, the anodes of the converter valves have 
been developed to such a degree that they can now 
cope with voltages and currents of twice the original 
magnitude, while the output per valve is now eight 
times as large. (I. Lidén, ASEA Journal, English 
Edition, Vol. 31, 1958, No. 6, p. 70, 5 pp., 3 ff.) 

Note. A short description of the Letten pumping 
power station, the largest of its kind in Sweden. is 
also included in the above-mentioned issue; an im- 
pressive colour photograph of the station appears on 
the cover. 


Determining Seepage by Means of 
Radioactive Isotopes 

The authors describe the investigations they under- 
took on behalf of the Bayerische Wasserkraftwerke 
A.G., Munich, for the purpose of determining the 
seepage under the cut-off apron of the Rosshaupten 
rockfill dam on the Lech River. The flow of seepage 
water was measured in control boreholes by ascer- 
taining with a Geiger counter the temporary concen- 
tration decrease in an added radioactive isotope (JOD 
131, decomposition time, 8-2 days when injected at 
the initial rate of concentration of 0-005 up to 0-01 
milli-Curie per metre of tube length). The concen- 
tration decrease is a simple and straightforward func- 
tion of filtering velocity v, in the control borehole. 
From the filtering velocities the amount of water 
leaking under the apron can be calculated by means 
of the hydrological basic formula Q=v, F, in which 
Q is the discharge in cu. m. per day, v, the rate of 
filtering velocity in metres per day, and F the cross- 
section in sq. m. of the flow underneath the apron. 
In view of the small amount of seepage water ascer- 
tained and in spite of the unfavourable course of 
strata of the valley, the subsoil can be considered 
as practically impervious from the constructional 
and geological aspects. The measures taken to 
stop seepage have therefore given the rock those 
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properties it lacked in its natural state. Since the 
small quantity of water passing under the apron is 
most likely to be distributed fairly equally over the 
whole of the cross section, it must undoubtedly flow 
through exceedingly narrow chinks in stratification 
joints. According to the results arrived at, seepage 
channels likely to gape to a dangerous extent are 
hardly to be expected. In the course of time the low 
seepage velocity will bring about a clogging of the 
percolation ducts and this will automatically be fol- 
lowed by a further reduction of the seepage losses. 
(Herbert Mosser and Ferdinand Neumaier, Die 
W asserwirtschaft, Vol. 48, No. 11, August 1958, p. 
290, 4 pp., 6 ff.) 


Hydraulic Jump in Steep Beds 

Following a brief survey of the best-known formu- 
lae applied to the calculation of the fundamental 
elements of a hydraulic jump in steeply sloping river 
beds, the author presents and discusses two new 
formulae of his own for determining the dimensions 
of the jump and the energy losses it involves. The 
formulae advocated are drawn from a simpler ana- 
lytical expression relating to previous formulae, and 
are functions of parameters which can be more easily 
determined by experiments. (Dott. Ing. Roberto 
Ariemma, L’Energia Elettrica, Vol. XLV, No. 7, 
July 1958, p. 650, 6 pp., 2 ff.) 


Geophysical Research in Dam Building 

This is a report on the research work carried out 
under the auspices of ANIDEL at the Geophysical 
Experimental Laboratory in Trieste. It discusses the 
possibilities of application of the geophysical methods 
used in connection with the investigations carried out 
in the eastern part of the Fedaia basin, where the 
secondary dam of the development of the same 
name has been erected. All the three methods applied, 
geoelectric, gravimetric and magnetic, have produced 
remarkable results which have largely contributed to 
the technical solution of the problem relating to the 
position of the diaphragm. (C. Morelli and F. Mosetti, 
L’Energia Elettrica, p. 656, 7 pp., 4 ff.) 


Shielded-Arc Welding 

“Introduction to the Problem of Welding Steel by 
the Shielded-Arc Process” is the full title of this 
paper, read on January 10, 1958, on the occasion of 
the inauguration of the new training school founded 
by the Swiss Association for Welding Technique. The 
paper deals comprehensively with the welding of 
steel by means of a voltaic arc fully or partly pro- 
tected by inert gases, of which the most suitable are 
helium (specific weight 0-139), practically a monopoly 
of the U.S.A., argon (1-276) and carbonic acid 
(1-529). The importance of this problem from the 
water-power viewpoint is best demonstrated by the 
fact that all the examples discussed and all the dia- 
grams shown in the paper apply to penstock branches, 
Y-pipes and manifolds in which the welding is the 
usual practice. The phases of the welding operation 
are described, the importance of annealing is stressed 
and the paper proceeds with a survey of various in- 
stances of shielded-arc welding with either argon or 
CO,, various methods of arc shielding and various 
types of electrodes. A typical shielded-arc welding set 
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is described, and results are analysed. Against the 
main advantages of the process, such as better impact 
strength, higher output and higher melting capacity, 
the author lists the high cost and complexity of the 
welding apparatus, the indispensability of a water- 
cooling system and the risks it involves in cold wea- 
ther, and, worst of all, the high cost of argon (present 
price in Switzerland, about 25s. per cu. m.). The final 
paragraph reviews recent instances of arc welding 
effected in connection with manifolds at Fionnay 
(Grande Dixence), St. Leonhard (Lienne) and Ernen. 
It should be noted that arc welding with argon shield- 
ing was applied at Fionnay only, where the penstock 
sections involved had a plate thickness of 110, 100 
and 90 mm. and the welding seams were 130, 120 and 
100 mm. in cross-section, In the two other instances, 
where the plate thickness varied between 48 and 21 
mm., welding of the steel plate with the cast-steel 
section was effected by hand by means of normal 
electrodes with basic lining. In all instances welding 
was carried out in the workshop. (Dr. h.c. A. E. 
Chevalier, Technische Rundschau, Vol. 50, No. 37. 
September 5, 1958, part 3, p. 17, 3 pp., 10 ff.) 


Fish Protection in Scotland 

An account is given of the methods adopted in 
Scotland for solving the problem of fish protection 
in hydro-electric installations. The author seems to 
have been particularly impressed by the fish ladders 
and lifts he saw in the course of his tour of Scottish 
plants. The two photographs accompanying his 
article are excellent. (Wolfgang Engelhardt, Die 
Wasserwirtschaft, Vol. 48, No. 12, September 1958. 
p. 328, 3 pp., 2 ff.) 





CLASSIFIED ADVERTISEMENTS 





Announcements for this column can be accepted up to the 8th 
of the month for the following month's issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted at £2 10s. Od. per 
column inch. 





Appointments vacant 
MECHANICAL ENGINEERS 


Associated Electrical Industries Heavy Plant Division, 
Manchester, require MECHANICAL ENGINEERS for in- 
teresting mechanical design and development work in 
connection with the electrical design of large rotating plant 
for hydro power stations and industrial applications. 

To facilitate experimental work in these fields a laboratory 
is available. 

The desired age range for candidates is 25-35 and they 
should preferably have served a recognised engineering 
apprenticeship. Some experience of the mechanical design 
of structures or rotating plant would be an advantage. 

The minimum qualifications for these posts is Grad. 
I.Mech.E., but men with the Higher National Certificate who 
shortly expect to become Graduates of the Institute will be 
considered. 

Applications, stating age, qualifications and experience and 
quoting reference C.12, should be sent to:— 


Personnel Manager, 
Metropolitan-Vickers Electrical Co. Ltd., 
Trafford Park, 

Manchester, 17. 
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SIXTEEN 105,000 HP DOMINION FRANCIS TURBINES |INSTALLED 
AT SIR ADAM BECK-NIAGARA GENERATING STATION No. 2 FOR THE 
HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO. 


DESIGNED AND MANUFACTURED BY 


DOMINION ENGINEERING 


COMPANY LIMITED 
P.O. BOX 220, MONTREAL, CANADA, CABLE: DOMWORKS 
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IN THE MANAGER’S OFFICE... 


. . . Production is planned, decisions are made 


THE TALK is of rising labour costs and falling prices, 
of bigger output and increased mechanisation, 

of new methods and modern equipment. 

Can they afford to scrap the old equipment 

and install the new? 

Or rather . . . Can they afford not to? 

Never before has the manager had available 

such good tools and so many of them 


to help solve these problems. 


ON THE MANAGER'S DESK .. . 


* MINE AND QUARRY ENGINEERING ”” js relied upon 
to keep him informed of new methods of production 
and the latest technical progress. 


When he buys new plant and equipment 





its advertisement pages exert a continuous influence 


mining and and act as a persistent reminder. 


MINE & QUARRY ENGINEERING 


33 TOTHILL STREET - LONDON « S.W.1. Telephone: WHItehall 9232 
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far as the 
eye can't see 


A 212 mile pipeline with Thermoglas Outer Wrap is one 
of the many contracts relying on Anderson protection. 
The basis of Thermoglas protection is a reinforced glass 
fibre tissue impregnated for use with either coal tar enamels 
or asphaltic bitumen. Thermoglas pipeline Outer Wrap has met 
fully the requirements of major contracts both at home 
and overseas with such characteristics as strong adhesion and 
high tensile strength. In widths up to 36 inches to suit 
pipeline diameters, Thermoglas is one of a wide range 
of pipeline wrappings including Bestos Pipe Wrap 
manufactured to suit particular local conditions. 


THERMOGLAS 


_ pipeline outer wrap 



































Full technical information from : 


D. ANDERSON AND SON LIMITED | 
STRETFORD - MANCHESTER Telephone : LONgford 4444 | OLD FORD - LONDON Telephone : AMHerst 3214 








Measuring Equipment 
FOR HYDRO-ELECTRIC PLANTS 
WATER FLOW 


in Tunnels, Pipe Lines and at Turbines. 


WATER LEVEL 


at Dams and in Surge Shafts for all depths and conditions. 


PRESSURE RECORDERS, ETc. 


backed by over 20 years’ experience in this specialised field, 
can be supplied for local or remote operation. 

The illustration shows the type of Flow Meters made 

for the North of Scotland Hydro-electric Board. 


The British Pitometer Co. Ltd. 


(ASSOCIATED WITH GLENFIELD & KENNEDY LTD.) 
$2 MINERVA ROAD, PARK ROYAL, LONDON, N.W.10 
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Hand Operated OVERHEAD 
TRAVELLING CRANES 


Even in these days of power driven machines there is 
still a substantial demand by Engineers for hand powered 
cranes for engine rooms, pumping plants, stores and 
warehouses. 
















This demand is met very adequately by the installation 
of VAUGHAN single or double girder hand cranes in 
which speed and ease of manipulation with a minimum 
first cost is most important. 
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OVERHEAD CRANES - HOIST BLOCKS - TELPHERS - RUNWAYS 


THE VAUGHAN CRANE COMPANY LIMITED 


Telephone: EASt 2771 






Manchester 12 - England 
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SUBSCRIPTION ORDER FORM 





Beginning with the next issue please post your Journal monthly 


for one year. 


Subscription Rate is 40s. per annum post free 


STREET, WESTMINSTER, LONDON, S.W.1 


33 TOTHILL 
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ELECTRICAL 
CONTROL 


PENSTOCKS 
VALVES 









SIZES 
UP TO 


100 sq ft 


Circular 
or 
Rectangular 


with 
HARTLEYS 


“VALECTRIC” 


HEADSTOCKS 





USED BY LEADING 
AUTHORITIES 


including 





C.E.A. « L.C.C. 


LOCAL 
or 
REMOTE 
CONTROL 





PD 
HARPLEYS LTD. 


Phone: Stoke-on-Trent 48627 
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Kipping out 
the Heart of a 
Colossus ... 


Day after day, ripping and 
clawing at the rocky 
hearts of mountains are 
the deceptively slim but 
powerful “Riploy” Tungsten 
Carbide Tipped Drill Stems. 
Forged of the finest steel 
by British craftsmen, one 
is never surprised to find 
them used on every 
important drilling job. 


/ Technical 

Literature 
covering every 
type of 
Drilling Tool 
is available 
on request, 





23 X 
RIP BITS LIMITED Fis “ar 
CALLYWHITE LANE, DRONFIELD \\ Ss 


Tel: Dronfield 3301 (6 lines) 
Grams: EXCAVATE, Dronfield, Sheffield 









LONDON OFFICE: 66 Victoria St., S.W.1 Tel: TATe Gallery 0752-3 
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THE RAILWAY GAZETTE 
A journal of Railway Management, Engineering, Operation, 
and Railway News. It covers every phase of railway activity. 
It is truly said of this journal that it is “‘ Read wherever there 
are Railways."’ Weekly 2s. Annvally £5 by post. 


DIESEL RAILWAY TRACTION 


A monthly review of world-wide developments in diesel- 
engine design, practice, and maintenance and diesel railway 
traction operation. Monthly 2s. 6d. Annually 35s. by post. 


SHIPBUILDING AND SHIPPING RECORD 
The only publication with direct appeal to both shipowner 
and shipbuilder. Its world-wide news organisation and 
technical articles and drawings put it in the forefront of 
shipping periodicals. Weekly 2s. Annually £5 by post. 


COLLIERY ENGINEERING 
A practical journal dealing with all aspects of coal production; 
every branch of coal mining technology is reviewed in detail 
and special attention is given to mechanisation and labour- 
saving machinery. Monthly 2s. 6d. Annually £2 by post. 


COKE AND GAS 
A technical journal dealing with the scientific and technical 
problems involved in the production of coke and gas in coke 
ovens and gasworks. Monthly 2s. 6d. Annually 35s. by post. 


THE RAILWAY MAGAZINE 


A popular magazine containing illustrated articles on Railways 
and Locomotives. Monthly 2s. 6d. Annually 35s. by post. 


NEW COMMONWEALTH 
Describes and illustrates significant developments in pro- 
duction, trade, transportation and related spheres in all 
countries of the Commonwealth. Monthly 2s. 6d. Annually 
£2 by post. 


THE INDUSTRIAL CHEMIST 
A technical journal devoted to the progress of applied 
chemistry and chemical engineering. It is of vital importance 
to the chemical manufacturer and all who employ chemical 
processes in their productive operations. Monthly 2s. 6d. 
Annually £2 by post. 





ARCHITECTURE AND BUILDING 


A journal for practising and salaried architects, building 
contractors, designers, and specialists. It deals with the 
planning, design, construction and the administration of 
modern building work. Monthly 2s. 6d. Annually 35s. by post. 





a 


woop 


““Wood"’ is the only magazine of its kind. Primarily con- 
cerned with the use of wood, it includes articles on trees 
and timbers, design and construction in all decorative and 
practical wood usage, machines and machine practice, and 
trends in world supply. Monthly 2s. 6d. Annually 35s. by post. a 


FOOD 
A journal devoted to the manufacture, packaging, and marketing 


TR A N S M | S S | O N TO W ia R S of processed foodstuffs. Monthly 2s. 6d. Annually £2 by post. 





‘ 


Specialists in the design, manufacture and supply of WATER POWER 

towers for this country and overseas. A technical journal devoted to the study of all aspects of 
The complete manufacture, including galvanizing, Hydro-Electric Development. Monthly 2s. 6d. Annually £2 
is undertaken in these works. by post. 


MINE AND QUARRY ENGINEERING 


ee » rn) 
I Articles of technical nature cover geology, modern methods 
Ee S ll a of prospecting, the winning of ore and stone, the dressing of 
Monthly 2s. 6d. 


ore and minerals, and extraction metallurgy. 





THE TEES SIDE BRIDGE & ENGINEERING WORKS LTD. Annually 35s. by post. 
WORKS & HEAD OFFICE: MIDDLESBROUGH. TELEPHONE: 2021-4 
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It will pay you to 


HIRE 
ANDERSON DERRICK GRANES 


ELECTRIC, HAND AND STEAM 
DERRICK CRANES, ALL IN FIRST 
CLASS CONDITION 


Lifting Capacities : 2 to I5 tons 
Jib Lengths: 40 to 130 fe. 





from the people who give best service 


7-ton Electric Derrick Crane x 120 ft. Jib. 


THE A.C. PLANT & HIRE Co. Ltd. 


TAYMOUTH WORKS—CARNOUSTIE—SCOTLAND 
Sole Agents for England, Wales & Ireland: Caswell, Cranes & Erection Ltd., Grove Works, Hammersmith, London, W.6. Tel.: RiVerside 8922/3/4/5 


Sole Agents for Scotland: The Anderson-Grice Company Limited, Taymouth Engineering Works, Carnoustie. Tel.: Carnoustie 2214/5 





elevation and plan 


Wire passes through the machines emerging as strands of three, seven, 

n-neteen or thirty-seven. And where after that? The power line stretch- 
eS ing further afield; copper strand is a part of the system of conductors 
linking the new electrification schemes to bring light and power to all 
corners of Britain. Wherever the plan is for power, a pylon is its 
elevation. 


ANACOS 


copper strand 


Hard drawn for overhead lines, railway feeders, wireless 
aerials etc. Annealed for cable making, earthing conductors 
and similar applications. 
















FREDERICK SMITH & CO 


ANACONDA WORKS «: SALFORD 3 +: LANCS 
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The “El Nihuil,, power 
station (93.000 kVA) in 


Argentina, shown in 
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Designed for use on transformers of up 
to 275 kV, the Type M_ tap changer 
has a simple and reliable operating 
mechanism which ensures completion of 
tap change. Transition resistors—liber- 


ally rated and mechanically robust— 





minimize arcing and burning at the con- 
tacts of the diverter switches, and ease 
the switching duty. The complete tap 
changer with its motor driving gear 1s 
compactly assembled as a single, iron- 
clad unit and bolted to a flange on the 


transformer tank. 


Other important features : 


Any number of steps up to 18 can be accommodated Diverter switches are rapid in operation 


Once initiated, a tap change cannot be interrupted Contact bounce at diverter switches eliminated 


Continuity of supply maintained during a tap change Minimum voltage variation during a tap change 
Separate drop-down _ tank allows convenient inspec- Moving contacts have single bolt fixing and are acces- 
tion of diverter switches sible from the front. 
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METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER, 17 


An A.E.1. Compan: 


Leading Electrical Progress 








